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TECHNICAL NOTE NO. 264. 

TESTS OF THE N.P.L. AIRSHIP MODELS IN 
THE VARIABLE DENSITY WIND TUNNEL. 
By George J. Higgins. 

Summary 

Tests have been conducted in the variable density wind tun- 

I 

nel of the National Advisory Committee for Aeronautics, on two 
airship models, known as the "N.P.L. Standardization Models, 
Long and Short." The resistance or shape coefficients were de- 
termined for each model through a range of Reynolds Numbers from 
110,000 to 5,0.00,000. Comparison is made with previous tests 
on these models and other airship ■ models . 

Introduction 

During the years of 1922 and 1923, comparative tests were 
made on two N.P.L. airship models in -six American atmospheric 
wind tunnels to determine their resistance with particular ref- 
erence to scale effect. These tests were made for the purpose 
of determining some idea of the "standardization of wind tunnels." 
The models used were developed and furnished by the British Aero- 
nautical Research Committee. 
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It was desired that further tests on these models be made 
and, as the models had been returned to England, replicas were 
made at the Washington Navy- Yard "by the wind tunnel division of 
the Bureau of Construction and Repair. It was of particular im- 
portance that a greater "scale" or Reynolds Number be reached; 
simplicity in the method of support for the models was also rec- 
ommended for the further tests. 

The Navy replicas of the N.P.L. airship models were there- . 
fore forwarded to the Langley Memorial Aeronautical Laboratory 
for testing in the variable density wind tunnel where a Reynolds 
Number fifteen times that of the original tests could be obtained. 
The actual tests in the variable density tunnel were not per- 
formed* until June, 1927. 

These consisted of determining the resistance at the angle 
of zero pitch for both models through a range of Reynolds Numbers 
from 110,000 to 5,000,000. 

Apparatus and Method of Test 

The airship models used in these testB were cast of alumi- 
num and turned in a lathe to specified ordinates measured on 
the original N.P.L. models. The model, designated as "long," is 
a 1/325 size replica of the "H.M.A.-R 33." The second model, 
designated as "short," is similar to the first in the shape of 
the nose and tail, but '1.5 diameters or 6.3 inches shorter in 
the cylindrical mid-portion. The actual dimensions of the two 
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models are given in Table I. Here, also, is given the volume as 
determined by Simpson's rule and used in the. computations. Pho- 
tographs .of the models are given in Figure 1. 

The models were mounted in the test section of the variable 
density wind tunnel (Reference l) in the manner shown in Fig- 
ure 2. The suspension consisted of streamlined wires .025 inch 
by .094 inch in cross section. Two wires were screwed into the 
model 4 inches aft of the nose 90° apart and making 45° to the 
vertical. The outer ends of these wires were attached through 
small knife edges to the tunnel walls. Streamlined fairings 
covered the outer 16. inches and protected that portion of the 
suspension from the air stream. A single wire at the tail fas- 
tened by a pivot to a short 2- inch sting supported the rear of 
the models in a similar manner as the nose. A round wire, 0.043 
inch in diameter, attached to a plug screwed in at the nose, 
transmitted the drag forces through a bell crank to the auxili- 
ary drag balance (for use where resistance only is to be meas- 
ured (Figure 3)). A similar round wire attached to the tail 
sting led through a bell crank to a counterweight. This served 
the purpose of keeping the system taut and maintaining a slight 
initial load on the balance. The lengths of these horizontal 
wires were adjusted by small turnbuckles at the ends away from 
the model so the model might assume its own position,, thus elim- 
inating any error due to a component of its weight exerting a 
force on the balance. 
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Each model was tested at a velocity of about 50 miles an 
hour and at densities ranging from that equivalent to l/2 atmos- 
phere to 20 atmospheres pressure, absolute. Using the (volume) 1 '' 
as a characteristic length, the range in Reynolds Number cov- 
ered was from 110,000 to 5,000,000. Readings of the resistance 
were obtained at six densities. 

Results and Discussion 

The results of the tests on these two airship models are 
given in Table II, and are plotted in Figures 4 and 5. Resist- 
ance or shape coefficients have been computed and plotted 
against Reynolds Number, where 

D = Og q (Vol.) s/3 

R.N. = £i (Vol.) l/3 

D = drag 

q = dynamic pressure, g p V s 

R.N. = Reynolds Number 

Vol. = volume of airship model 

p = density of air 

V = velocity of air 

p. = viscosity of air 

Figure 4 shows the values of 0g for the two models with 
reference to the change in R.N. In each case, the curve of 
C s is regular, decreasing in value as the "scale" is increased 
and apparently approaching a minimum at the upper limit of the 
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range tested. The 2 O-atmo sphere run on the long model was irreg- 
ular and the value of the C s is too high. This is due to in- 
sufficient counterweight on the suspension system, which allowed 
the model to become unsteady and to oscillate* The value of the 
Reynolds Number of the "H.M.A.-R 33" cruising at 50 miles an 
hour is 60,500,000. Even though the scale reached is l/lO that 
of full scale, these curves indicate that extrapolation to deter- 
mine a full-scale value of Cg is perhaps unreliable. 

In this same chart there are shown the Cg curves obtained 
for the N.P.L. originals of these same models in tests made at 
six American atmospheric wind tunnels. The range of R.N. cov- 
ered by these tests is only about l/l5 that of the variable den- 
sity tunnel. The curves are very widely scattered, particularly 
at the lower R.N. There is a decided tendency to converge as 
the scale is increased, approaching values of the same magnitude 
as obtained in the variable density tunnel. 

The results from the Washington Navy Yard agree the best 
with those from the present tests; both are high compared to 
the average and it is possible that this is due to the relative- 
ly high degree of turbulence present in both wind tunnels. 

The method of support used in the present tests was such 

that the tare drag amounted to about 45 per cent of the net drag 

and that interference to the model was small (see Fig. 2). 

In Figure 5 there is shown a chart of Og versus length 

diameter 
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ratio, where a curve has been plotted representing the results of 
tests on other airships in the variable density tunnel at a Rey- 
nolds Number corresponding to 20 atmospheres. The values of 0 S 
for the N.P.L. models are shown as points. The agreement is very 
good. 

Conclusion 

The shape or resistance coefficient of the N.P.L. airship 
models, as tested in the variable density wind tunnel, decreases 
in value as the scale or Reynolds Number is increased, tending to 
approach a minimum as the upper, limit of the test range is reached. 
The results of these tests in comparison with tests at low scale 
in other wind tunnels show that further work is necessary in the 
standardization of wind tunnels- The values of resistance for 
these models are in accordance with other airship models tested 
in this wind tunnel. 
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TABLE I. 



Dimensions of N.P.L. Airship Models 
in Inches. 
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TABLE II. 

Resistance or Shape Coefficients- 

« 

c _ Drag 
S q (Vol.) 3/3 
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Flg.l N.P.L. Standard airship models, U.S.N, replicas 
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Fig. 5 G Q vs. Length/Diameter. Nf.P.L. airship models, 
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SAGA '£N SO. 1642 



where x and y are the absolssaa and ordinate a of the airfoil 
and cp is the central angle of the unit circle. The functions 
Ax(cp) and Ay(cp) are related either by the oonjugate Fourier series, 
directly derivable from equation (A2) upon substitution of p ■ e ic P, 
or by the integral relations: 



Ax(cp) = - JL 
2it 



Ay(cp ') cot £^£B dtp' (A6) 



r2n 

2n 



Ay(cp) - £ | Ax(cp«) cot ££2 *p« ( A 7) 

Given the airfoil coordinates x and y, equations (A4). (A5), 
and (A6) can be solved for the mapping function Ax(cp) + iAy(cpj by 
the following method of successive approximation: The upper surfaoe 
of the airfoil Is drawn with its leading- and trailing- edge ohordwlse 
extremities at the points (jig, 0), (-Jta, 0), respectively, where a 
Is the solidity c/h. This form of the airfoil is referred to as 
the normal form. For a conveniently chosen set of values of the 
variable cp from 0° to 180° the airfoil ordinates Ay(q>) are 
measured at the ohordwise stations x (equation (A4)) corresponding 
to some appropriate initial abscissa function Ax(cp), such as that 
of the previous approximation, or Ax(cp) = 0, if there is no previous 
approximation. The function Ax(cp) is computed from this Ay(cp) 
by equation (A6) . (See appendix C.) The constants E and T are 
next determined from the Ax(cp) function by means of the equations 

sinh K = — (A8) 

sinh 



[«a AxQt) - Ax(0) I 
2 4 J 

- \ [ax(0) + Ax(*)] (A9) 



The constants E and T so determined, together with the corre- 
sponding mapping function Ax(<p) + iAy(cp), yield a derived airfoil 
contour by equations (A4) and (A5), which is in the normal form 
and can be compared with the given airfoil. If the agreement is 
not sufficiently close, the foregoing procedure is repeated. 
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After the mapping function relating the circle and airfoil planes 
has "been found, the velocity in the airfoil planes can he determined 
from the general equation 

rill 



T c 



dz 



(A10) 



The resulting formula for the velocity distribution on the airfoil 
itself is 

j£ 2 cosh. K |sincp[ (All) 

T " + * ^i] - ft) 2 ♦ 

where 

2 cosh K sin cp / fl19 \ 

9 2 1 ' 

sin^cp + sinh* K 

The details of the calculation of the conjugate derivatives dAx/dcp 
and dAy/dcp from the known funotione Ax(cp) and Ay(cp) are given 
in appendix C. 

For the limiting case of the isolated airfoil, three of the 
six calculating equations (A4), (A5), (A6), (A8), (A9), and (All) 
must he changed, namely, (A4), (A8), and (All). The corresponding 
equations are, respectively, 

x » T + r cos cp + Ax(cp) (A4 1 ) 
r = x + ; M°l ( A8 .) 



^, {8lnCpl (All') 



The quantity r is the diameter of the circle to which the isolated 
airfoil is conformally related. 

The calculations "by the method of finite chord were for the 
most part based on the set of 12 evenly spaced cp values, 0°, 
15°, . . ., 180°. The leading edge of the airfoil corresponded to 
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q> s 0° and the trailing edge to 180°. The symmetry of the airfoil 
and its position has a corresponding symmetry in the mapping function 
and Its derivatives; namely, 
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even 



function with respect to 
*" the station cp ■ jt. 
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APPENDIX B 

COHTOEMAL MAPPING: METHOD OF SEMI-INFINITE CHORD 

In this method the flow through the unetaggered cascade of 
airfoils is determined by the conformal transformation relating 
the cascade of shapes consisting of the airfoils and their zero 
streamline prolongation in one direction, z -plane, the cascade of 
semi-infinite straight chord lines, £ -plane, and the unit circle, 
p -plane . 

The essential difference "between this method and the method 
of finite chord lies in the relation "between the £ - and p-planes . 
lii this case the relation is 

C - [i - ($] - i CD 

This function transforms the unit circle in the p-plane into an 
unetaggered cascade of semi-infinite straight lines of which the 
abscissas range from -1 to The term (p+l)/(p-l) transforms 

the unit cirole into an infinite straight line; squaring the term 
yields a semi-infinite straight line; and the logarithm transforms 
the straight line into a cascade of straight lines. The vertical 
distance "between two consecutive lines is h. On the unit circle 

p - e 1( P 

x = jj| log | sin || - 1 + Ax(cp) - Ax(l80°) (B2) 

y » Ay(<p) (B3) 

where all lengths are expressed as fractions of airfoil ohord c, 
which was taken as c » 2, and the term Ax(l80°) has "been inserted 
in order to locate the airfoils of the successive approximations 
with one extremity at the point (-1, 0). 

The velocity distribution on the airfoil given "by equation (A10) 
now "becomes 

— n.r>+. £ 
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No intermediate adjustment such as is represented "by equation (AS) 
is required; hence the solution by successive approximation out- 
lined in appendix A is reduced to little more than the calculation 
of conjugates. 

The chordwise stations for an evenly spaced set of q> -points 
tend to cluster around x = -1 with the transformation (B2) . Con- 
sequently, in order to obtain a sufficiently even distribution of 
points over the airfoil, two devices were resorted to. The first 
was to perform the calculation twice for each case. The airfoil 
was first considered with the leading edge at x ■ -1 and the 
trailing edge at x = 1 and a solution obtained for the mapping 
function. The airfoil was then considered as reversed with respect 
to the y-axis and a solution obtained for another mapping function. 
The set of q> -points was the same in both solutions. The second 
device, which is applicable more generally in conformal -mapping 
problems, consisted in using a standard set of 0-points in a 
p' -plane related to the p -plane by the bilinear transformation 

p = ~ (B5) 

2=7 P' + 1 
n+1 

The transformation (B5) is so chosen that (a) the unit cirole 

p = eif goes into the unit circle p 1 = e i0 with the points p ■ dbl 
corresponding to p 1 = ±1 and the outside spaces corresponding, and 

(b) the derivative (^fj 1 ~ a ' By Co* 141 * 1011 Mr conjugate 

relation (A6) is valid in 1 * the p' -plane. Condition (b) causes a 
small range e (c=y-6) of <p near q> ■ 0, which corresponds to 
x =<», to correspond, for n>l, to a larger range ne of 8 near 
0 = 0. Hence, for n >1, an evenly spaced set of 0-points yields 
a more evenly distributed set of chordwise stations x than the 
same spacing of '<p -points. The values of qp corresponding to the 
assumed ©-points are obtained from equation (B5) with p = e i( P, 
p'-aW, 

y (n 2 -l) + (n 2 +l) cos 9 

The conjugate derivatives in the velocity formula (B4) were obtained 
by 

dAx _ dAx d© 
dqp ~ d9 dq> 



dAy dAy d9 
W d© dqp 



(B7) 
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with 

de (n 2 -i) ope e + (n 2 +i) 

d<p 2n V ' 

The derivatives dAx/d© and dAy/d0, in the cases treated "by the 
method of semi-infinite chord (b" = 1.0, 1.5, 2.0) , were measured 
graphically by drawing tangents to the calculated curves Ax(e) and 
Ay(d). This procedure was found to he more accurate at high solidi- 
ties than that of calculating the derivatives by the formulas given 
in appendix C. 

A typical result ohtained by the method of semi-infinite chord 
is illustrated in figure 8. The quantity n was so chosen that the 
points ohtained for the front half of the airfoil overlapped the 
points ohtained for the rear half of the airfoil. The resulting 
values of n ranged from 2 to 30 and are given for eaoh case in 
tahles II and III. The calculations were based in the case a « 1 
on the use of 12 evenly spaced values of 6 ■ 0°, 15°, . . 180° 
and for the higher solidities on the 24 values 6 » 0°, 7.5°, 15°. 
. . 180°. 

It may be noted that the effect of boundary-layer development 
along and downstream of the airfoil can he taken into account quite 
simply in this method by considering as boundary contour the locus 
of the outer edge of the displacement "boundary layer along and down- 
stream of the airfoil. 

The effect of boundary- layer development on the tunnel walls 
can he treated hy so altering the mapping problem that the channel 
between the zero streamline of the airfoil and one tunnel wall is 
to he mapped into a uniform channel. The mapping methods for this 
problem are similar to those already desorihed. 
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APPENDIX C 

HDMERICAL EVALUATION OF CONJUGATE FUNCTIONS 

AND THEIR DERIVATIVES 

The determination of the conjugate function Ax(cp) and of 
the conjugate derivatives dAx/d<p, d&y/dflP from a known function 
Ay(cp) was based in this paper on numerical integration of equa- 
tion (A6) and, for solidities of 0 and 0.5, integration of the 
respective derivatives of equations (A6) and (A7). After several 
trials with other methods of evaluation, including Fourier expan- 
sion, graphical methods, and various kinds of numerical integration, 
the following procedures were adopted as a compromise between 
acouracy and expenditure of effort. 

In order to calculate Ax(<p), the range of integration in equa- 
tion (A6) was divided into an even number of equal intervals. The 
function Ay (9) was considered to be known numerically at the 
values of <p separating these intervals. In the region outside 
the intervals on either side of the singular point cp «s cp 1 , the 
integral was evaluated by Simpson's rule. The contribution to the 
integral of the two intervals separated by the singular point <p 1 
was obtained by representing Ay(q>) in this range by the form 

Ay(<P) - A cos qp + B sin cp + C (Cl) 

The constants A, B, and C were so determined that equation (Cl) was 
satisfied at the three cp-points bounding the two intervals. The 
final result for Ax(cp) is an expression of the form 

2n-l 

Ax(q>) = ^> \ k Ay(q> + k5) (C2) 



k=0 

where S is the interval between two conseoutive values of cp 
and 2n5 » 2it. The 24 coefficients a^ for n » 12 are listed 
in table VII. 

The conjugate derivatives dAx/d<p and dAy/dcp were obtained 
in an analogous manner from the relations 
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dAy(qp) 



1_ 

4jc 



Ax(g') - Ax(cp) dq) , 



sin' 



2 CP - 9 



(04) 



These relations can he derived by diff erentiating equations (A6) 
and (A7) under the Integral sign after subtract ing Ay(q>) and 
Ax(qp) from the respective integrands to make this operation per- 
missible. They can also he obtained hy a limiting process in the 
complex plane similar to that of reference 1, appendix C. The 
numerical integration of equations (C3) and (C4) hy Simpson's rule 
and a sinusoidal approximation over the singularity result as before 
in expressions of the form 

2n-l 



^--"S\*r(q> + ]*> 




b k Ax(cp + k8) 



(C5) 



(06) 



The h^ coefficients are listed in table "VII for. n ■ 12. The a^ 
and hjj coefficients were also calculated for 48 qp-points, and 
are listed in table VIII. 



Explicit expressions for the coefficients for a 2n-point 
soheme are (2n 8 = 2*) 



a 0 
a l 

a 2n-l 
a k 



8 .8 8 + sin 8 
■ 67 ° ot 2 " 2* sin 8 

8 .8 8 + sin 8 
67 cot 2 + 2* sin 8 



- cot — (k odd) 



28 . k8 
a k = " 37 T 



(k even) 



(07) 
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8 



5 



2 8 " *(1 - cos 5) 



12* sin' 



6« sin' 



8 8 

2 8 + 2* (1 - ooa 8) 



t (08) 



3« sin 2 §■ 



8 



6* sin 2 f 



(k even) 
(k odd) 



The accuracy of the 24- and 48-point schemes vas checked on 
the funotlon sin 2<p. The 24-point scheme gave results for the 
conjugate accurate to 0.8 percent and for the derivatives aocurate 
to 0.2 peroent. The 48-point scheme resulted in 0.2-percent 
accuracy for the conjugate and 0.05-percent aocuraoy for the deriva- 
tives. These values for aocuraoy are given only as a reference with 
which to compare other methods. They do not give any direct indi- 
cation of the acouracy of evaluation of the conjugate functions and 
derivatives of this paper. 
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APPENDU D 

FIRST-ORDER MASS THEORY 

la this method of obtaining the constriction correction, the 
image airfoils (fig. l) are replaced "by equivalent doublets. The 
disturbance velocity produced in the region of the physical airfoil 
by these doublets is u and the resultant velocity is therefore 
V + u. The tunnel velocity distribution of the airfoil v c is 
assumed to be given by its nondimensional isolated-airfoil velocity 
distribution Vj/V multiplied by the velocity V + u; that is, 

T ° n CD 



v + u V 

so that the constriction correction is 

Ay. Tc - v t Ji 

V V TV 1 ' 

According to Glauert (reference 3, p. 55), the disturbance 
velocity u is given by 



where the factor \ is given by 



Hj>f*(S) 



(D4) 



(reference 5, p. 55; Glauert does not explicitly indicate the ohord c 
and his q is here v c in accordance with his explanation of the 
evaluation of X ) . The integral in equation (D4) is taken with respect 
to surface distance s along the upper surface of the airfoil from 
leading to trailing edge. Its form Indicates that \ is approximately 
inversely proportional to t/o (see also reference 3. equation (17.10)), 
and thus u/V is proportional to the parameter to/h 2 . The values of 
\ calculated from equation (D4) for the various cases are given In 
table X. 

The constriction correction given by equation (D2) represents a 
refinement of the usually given first-order constriction correction 
u/T, which is a constant along the chord. This procedure is used In 
order to be consistent with the constriction correction derived from 
Goldstein's theory as discussed in appendix E. 
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It may "be noted that In calculating the strength of a doublet 
that Is to replace an isolated airfoil, v^ rather than v c should 
he used in equation (D4) . However, Inasmuch as the strength of the 
doublet must he Increased when it is used to replace the same air- 
foil in a cascade, the use of v c , which is greater than vi, will 
change the value of X in the right direction. For the low values 
of the solidity for which the doublet correction is used, however, 
there is no appreciable difference in the correction. 
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APPENDIX E 

SECOND-ORDER IMAGE THEORY 

Goldstein (reference 4) first replaces the image airfoils 
(fig. l) by the doublet and higher-order singularities given by 
the potential function of the airfoil in a uniform free stream. 
The nonuniform disturbance velocity produced by these singularities 
in the physical region, in particular at the location of the physi- 
cal airfoil, is calculated. This first-approximation nonuniform 
disturbance velocity (a) changes the velocity distribution of the 
airfoil from its isolated free-stream value and (>) changes the 
values of the singularities that are to be imaged. Change (b) is 
evaluated and a second -approximation nonuniform disturbance velooity 
is calculated, etc., to higher approximations. lastly, the velocity 
distribution of the airfoil in the final nonuniform stream is cal- 
culated. 

In principle, Goldstein's method is capable of yielding to any 
degree of accuracy the effect of a tunnel on the two-dimensional 
velocity distribution of an arbitrary airfoil, arbitrarily Bituated. 
The successive approximations, however, become increasingly laborious. 
Goldstein gives the formulas to the second approximation; that is, to 

the order tc 3 /h*, t 2 c 2 /h 4 , t 3 c/h*. These formulas are quoted here 
as used in, and in the notation of, this paper. 

The fundamental formula for the symmetrical constriction cor- 
rection is obtained as the ratio of tunnel to free-stream velooity 
distribution: 

2ft = 2 (i + m~) (ED 

vi Y \ sin 6J 

so that 

At - Vj Vi/v \ 

T V T [jl " 1 ) < E2 > 

where 

2.1 «s) OB) 

p(6) = Xg' (R sin 29 - A 0 sin 0) 

+ X-3 1 (R 2 sin 30 - 2RAosin 26+Ao 2 sin 6- Axsin 0) (E4) 
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S 



V 



2h 
2»t 



3? GO d2 



H - f (1 + Cq) 
An = B n 

B 0 = " f Ci 

Bl - - || (1 + C 2 ) 



B 2 = - 64 C 3 



(E5) 



(B6) 



(E7) 



d l " Is < 2C 0 ~ C 2 ) 

d 3 = " 256 °4 
•it 



sin e 



(E8) 



(E9) 



where y(0) is the airfoil ordinate corresponding to the abscissa 
and 0=0 corresponds to the leading edge of the airfoil. 



x ■ ^ cos 0 



(E10) 



HACA TU No. 1642 



25 



Equation (ll) corresponds to Goldstein's equation (97) (p. 48) of 
reference 4. The factor U/V has been inserted to reduce the 
isolated-airfoil velocity, Goldstein's qj., from U to Y as the 
free-stream velocity. Equations (E3) to (E6) correspond respectively 
to Goldstein's equations (40) (p. 37), (99) (p. 48), (21) (p. 34), 
and (100) (p. 48). Equations (E7) to (E10) correspond to those of 
appendix 5 (p. 21). 

The "basic constants calculated in this paper are given in 

table X on the basis that the airfoil chord he 2. 

The velocity distribution "by conformal mapping was used for 
v±/T in equations (E2) and (D2) because it had already been calcu- 
lated. It would have been somewhat more consistent to use the 
velocity distributions derived by thin-airfoil theory inasmuch as 
the constants (equation (E9)) were so derived. The differences 

between the two distributions, being of the orders (t/c) 2 , 
(t/c) 3 , . . ., do not affect the main contribution to the seoond 
order of Goldstein's results, namely, the contribution of the order 
tc 3 /h 4 . 

It is noted that in applying equation (E3) to thin airfoils, 
Goldstein in hie equation (75) (p. 45) neglects the term di 2 . This 
term was not found to be negligible in the calculations of this 
paper and was retained. 
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APPENDIX F 



STREAM-FILAMENT THEORY 



The lrrotational motion of an ideal incompressible fluid is 
completely determined "by the equations of irrotationality and 
oontinuity of mass and by the "boundary conditions. Consider the 
equation of irrotationality in the form (referenoe 6, equation (41)) 

fc + |-0 (Fl) 

where 



n distance along potential line at point of flow field 

R radius of curvature of streamline at same point of flow field; 
positive if streamline is convex In positive n direction. 

Introduce the approximations (a) that the potential lines are 
straight lines perpendicular to the x-axls, or 

n « y (F2) 

and (b) that the curvature of the streamlines at any chordwiee 
location varies linearly from its known value at the airfoil to 
the known value, 0, at the wall, or 

1/R ° C - C a jg^j " 7 Y<y<h/2 (F3) 

where 

C curvature of streamline at ohordwise station X 

C a curvature of airfoil surface at ohordwise station X 

Y ordinate of airfoil at ohordwise station X 



The boundary condition that the boundaries be streamlines is satis- 
fied by equation (F3) . Substitution of equations (F2) and (75) into 
(Fl) and integration yields 
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where F(x) is an arbitrary function fixed "by the condition of 
continuity. Integrating equation. (F4) vith respect to y from 
Y to h/2 gives the flow quantity (h/2)V to the approximation 
underlying equations (2) and (3); that is, 



fn/2 



vdy = F(x) 



f* /2 °a (h/2-y)2 
a 2 (h/2-T) 



dy 



(*5) 



Y -T 
When this equation is solved for F(x) and substituted in equa- 
tion (F4), there results for the velocity at any point of the flow 
field 



v 
V 



h/2 e 2 W 



(re) 



Expressing all lengths, including the radius of curvature > as fractions 
of airfoil chord c and making the substitutions 



and 



where 



and 



\AO 1- 



22^ 
20Y 



Or?) 



(F8) 



c/h 



^2 v /jt2 
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equation (F6) becomes 



v Te 



(1 - 2 Y) e* (it 

Jo 

At the airfoil, equation (FIO) gives finally 



(F10) 



Te** 



(Fll) 



(1 - 20Y) J dt 

If C a = 0, equation (F6) reduces to the simplest form of stream- 
filament theory, namely 

Z « , h / 2 fpi2 N 
V h/2 - T lF12) 

Equations (F8), (F9), and (Fll) were used for the calculation of the 
velocity distributions of the airfoil in the tunnel by the stream- 
filament theory. The Integral in equation (Fll) is tabulated in 
referenoe 7 (p. 32). 

This method may he useful In determining the influence of com- 
pressibility. For an ideal compressible fluid, the only change 
required in equation (F10) or (Fll) is the insertion of the factor 
p/p 0 under the integral sign, vhere p is the density of the fluid 
and p 0 is the ultimate upstream density. 
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TABLE I. - ORDIMTES OP AIRFOILS 



Station 


Ordinate 


Ordinate 


Station 


Ordinate 


Ordinate 


(peroent 


of 12- 


of 24- 


(percent 


of 12- 


of 24- 


chord 


peroent- 


percent - 


chord 


percent- 


percent- 


from 


thiok 


thick j 


from 


thick 


thiok 


nose) 


airfoil 


airfoil 


nose) 


airfoil 


airfoil 


0 


0 


0 


50 


5.880 


11.810 


1.25 . 


1.425 


2.250 


55 


5.540 


11.380 


2.5 


1.900 


3.285 


60 


5.025 


10.665 


5 


2.585 


4.620 


65 


4.415 


9.735 


10 


3.540 


6.455 


70 


3.750 


8.575 


15 


4.250 


7.890 


75 


3.060 


7.250 


20 


4.820 


9.050 


80 


2.350 


5.825 


25 


5.295 


10.070 


85 


1.685 


4.365 


30 


5.655 


10.885 


90 


1.060 


2.925 


35 


5.900 


11.495 


95 


.510 


1.605 


40 


6.000 


11.855 


97.5 


,260 


.950 


45 


6.010 


11.980 


100 


0 


0 
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TABID H. - TELOCITY DISTRIBUTIONS AND CARTESIAN MAPPING 



FUNCTIONS FOR 12-PERCENT-THICK AIRFOIL 
(a) o/h, 0; method of finite chord} r, 1.0896; T, 0.0243 



(deg) 


Percent 
chord 


v i 
V 


X 


Ay 


Az 


dAl 

dcp 


dAy 
dq) 


0 X 15 


0 


0 


1.0000 


0 


-0.1139 


0 


0.1200 


1 


1.625 


1.0436 


.9675 


.0312 


-.1093 


.0363 


.1121 


2 


6.480 


1.0834 


.8704 


.0578 


-.0976 


.0521 


.1005 


3 


14.24 


1.1136 


.7151 


.0837 


-.0797 


.0845 


.0908 


4 


24.24 


1.1303 


.5151 


.1045 


-.0540 


.1117 


.0695 


5 


35.70 


1.1574 


.2861 


.1186 


-.0202 


.1436 


.0305 


6 


47.80 


1.1690 


.0441 


.1195 


.1098 


.1582 


-.0347 


7 


60.06 


1.1191 


-.2012 


.1008 


.0565 


.1183 


-.0999 


8 


72.11 


1.0422 


-.4422 


.0693 


.0783 


.0465 


-.1233 


9 


83.15 


.9821 


-.6630 


.0389 


.0832 


-.0072 


-.1032 


10 


92.08 


.9400 


-.8416 


.0168 


.0777 


-.0309 


-.0660 


11 


97.94 


.8996 


-.9588 


.0042 


.0694 


-.0301 


-.0300 


12 


100.00 


0 


-1.0000 


0 


.0653 


0 


-.0127 



(h) o/h, 0.5; method of finite chord; cosh k, 1.43094; T, 0.04158 



9 
(deg) 


Percent 
chord 


v c 
V 


I 

0.5rt 


075* 


Az 


dAx 

dsp 


dAy 
dqp 


0 X 15 


0 


0 


1.0000 


0 


-0.2008 


0 


0.2331 


1 


2.515 


1.0792 


.9497 


.0381 


-.1897 


.0850 


.2081 


2 


9.190 


1.1087 


.8162 


.0682 


-.1623 


.1218 


.1644 


3 


18.20 


1.1284 


.6360 


.0925 


-.1256 


.1558 


.1269 


4 


28.02 


1.1543 


.4396 


.1103 


-.0806 


.1872 


.0830 


5 


37.96 


1.1714 


.2409 


.1195 


-.0290 


.2046 


.0291 


6 


47.82 


1.1843 


.0436 


.1195 


• .0269 


.2182 


-.0411 


7 


57.76 


1.1485 


-.1552 


.1059 


.0805 


.1865 


-.1205 


8 


68.08 


1.0789 


-.3616 


.0805 


.1200 


.1123 


-.1713 


9 


78.74 


1.0150 


-.5747 


.0507 


.1387 


.0314 


-.1762 


10 


88.94 


.9614 


-.7789 


.0236 


.1376 


-.0362 


-.1360 


11 


96.90 


.9207 


-.9379 


.0062 


.1250 


-.0541 


-.0675 


12 


100.00 


0 


-1.0000 


0 


.1177 


0 


-.0311 
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TABLE U. - "VELOCITY DISTRIBUTIONS AND CARTESIAN MAPPING 
FUNCTIONS FOE 12-PERCENT-THICK AIRFOIL - Continued 
(o) c/h, 1.0; method of semi -Infinite ohord; o, 2; h, 2; n, 4 



9 

(deg) 



Percent 
chord 



V 



(deg) 



Ay 



Ax 



dAx 
dq> 



dAy 
d<p 



Front half of airfoil 



0 X 


15 


o» 


1.0000 


as 


0 


0 


-0.1088 


0 


0 


1 




95.70 


.9607 


0.9139 


3.770 


.0086 


-.1214 


-.3324 


1.1276 


2 




73.04 


1.0742 


.4608 


7.665 


.0667 


-.1232 


.3682 


.5940 


3 




60.81 


1.1637 


.2162 


11.824 


.0988 


-.0924 


.4510 


.3130 


4 




52.16 


1.2215 


.0431 


16.426 


.1151 


-.0573 


.4040 


.1207 


5 




44.92 


1.2192 


-.1015 


21.718 


.1203 


-.0258 


.2984 


.0162 


6 




38.34 


1.2117 


-.2333 


28.072 


.1197 


.0032 


.2227 


-.0212 


7 




31.88 


1.2043 


-.3625 


36.092 


.1153 


.0299 


.1668 


-.0413 


8 
9 




25.27 


1.1842 


-.4946 


46.826 


.1064 


.0563 


.1165 


-.0519 




18.16 


1.1595 


-.6367 


62.226 


.0924 


.0814 


.0756 


-.0523 


10 




10.56 


1.1398 


-.7888 


86.030 


.0726 


.1061 


.0452 


-.0446 


11 




3.3&0 


1.1275 


-.9322 


124.456 


.0434 


.1283 


.0251 


-.0424 


12 




0 


0 


-1.0000 


180.000 


0 


.1384 


0 


-.0473 


Rear half of airfoil 


0 x 


15 


-oo 


1.0000 


OS 


0 


0 


-0.1442 


0 


0 


1 




2.35C 


a .9668 


0.9530 


3.770 


.0368 


-.1442 


0 


2.5559 


2 




23.64 


a 1.1938 


.5273 


7.665 


.1039 


-.1186 


.7898 


.3835 


3 




34.90 


a 1.2359 


.3020 


11.824 


.1180 


-.0686 


.5881 


.0842 


4 




43.40 


1.2265 


.1321 


16.426 


.1204 


-.0302 


.4073 


-.0075 


5 




50.64 


1.2145 


-.0129 


21.718 


.1169 


.0009 


.2950 


-.0731 


6 




57.26 


1.1872 


-.1453 


28.072 


.1065 


.0293 


.2061 


-.1062 


7 




63.94 


1.1367 


-.2787 


36.092 


.0909 


.0517 


.1254 


-.1092 


8 




70.98 


1.0845 


-.4197 


46.826 


.0721 


.0692 


.0636 


-.0926 


9 




78.80 


1.0382 


-.5759 


62.226 


.0503 


.0802 


.0240 


-.0679 


10 




87.44 


.9922 


-.7488 


86.030 


.0277 


.0842 


0 


-.0428 


11 




95.94 


.9591 


-.9187 


124.456 


.0084 


.0799 


-.0063 


-.0175 


12 




100.00 


0 


-1.0000 


180.000 


0 


.0765 


0 


0 



Rejected points. 
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TABLE JL. - VELOCITY DISTRIBUTIONS AND CARTESIAN MAPPING 
FUNCTIONS FOR 12- PERCENT-THICK AIRFOIL - Continued 



(d) c/h, 1.5; method of serai -Infinite chord; e, 2; h, 4/3; n, 8 



e 

(deg) 


Pe 'cent 
chord 


v c 
V 


X 


<p 

(deg) 


Ay 


Ax 


dAx 


dAy 
d~9 


Front half of airfoil 


0 


X 


1 


CX3 


1.0000 


Oa 


0 


0 


-0.1819 


0 


0 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 




84.68 
70.72 
63.24 
58.09 
54.10 
50.82 
47.93 
45.34 
42.93 
40.64 
38.43 
36.28 
34.12 
31.94 
29.68 
27.31 
24.75 
21.98 
18.87 
15.32 
11.25 
6.656 
2.175 
0 


a 1.0101 
a 1.1157 
a 1.1943 
1.2407 
1.2699 
1.2851 
1.2842 
1.2747 
1.2707 
1.2717 
1.2731 
1.2736 
1.2694 
1.2640 
1.2556 
1 .2443 
1.2339 
1.2245 
1.2119 
1.1960 
1.1792 
1.1658 
1.1432 
0 


0.6936 
.4145 
.2647 
.1618 
.0820 
.0163 
-.0414 
-.0931 
-.1414 
-.1872 
- .2314 
-.2745 
-.3175 
-.3612 
-.4064 
-.4538 
-.5050 
-.5605 
-.6226 
-.6935 
-.7750 
-.8669 
-.9565 
-1.0000 


.939 
1.886 
2.849 
3.837 
4.859 
5.928 
7.055 
8.256 
9.549 
10.958 
12.512 
14.250 
16.224 
18.505 
21.192 
24.433 
28.447 
33.585 
40.431 
50.019 
64.292 
87.030 
124.660 
180.000 


.0340 
.0732 
.0929 
.1048 
.1123 
.1169 
.1191 
.1201 
.1203 
.1202 
.1198 
.1189 
.1175 
.1152 
.1129 
.1096 
.1053 
.1006 
.0939 
.0854 
.0748 
.0588 
.0359 

0 


-.1785 
-.1623 
-.1363 
-.1130 
-.0928 
-.0744 
- . 0580 
-.0432 
-.0300 
-.0175 
- . 0055 
.0064 
.0181 
.0298 
.0415 
.0537 
.0660 
.0791 
.0930 
.1077 
.1238 
.1414 
.1586 
.1666 


.4875 
1.4512 
1.4400 
1.2561 
1.0758 
.9134 
.7629 
.6339 
.5413 
.4726 
.4155 
.3652 
.3169 
.2733 
.2326 
.1945 
.1611 
.1317 
.1038 
.0776 
.0544 
.0355 
.0202 

0 


3.4182 
1.6175 
.8547 
.5231 
.3162 
.1643 
.0769 
.0332 
.0067 
-.0078 
-.0270 
-.0360 
-.0467 
-.0502 
-.0549 
-.0573 
-.0571 
-.0566 
-.0536 
-.0481 
-.0420 
-.0376 
-.0344 
-.0404 


Rear half of airfoil 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 


X 


'1 


12.90 
25.22 
32.14 
37.14 
41.07 
44.38 
47.25 
49.84 
52.24 
54.53 
56.76 
58.97 
61.20 
63.51 
65.90 
68.46 
71.22 
74.28 
77.72 
81.72 
86.40 
91.83 
97.31 
100.00 


1.0000 
a 1.1409 
& 1.2399 
a 1.2787 
1.2787 
1.2631 
1.2774 
1.2879 
1.2868 
1.2776 
1.2604 
1.2421 
1.2257 
1.2078 
1.1891 
1.1682 
1.1466 
1.1247 
1.1028 
1.0816 
1.0504 
1.0153 
.9822 
.9559 

0 


0.7420 
.4955 
.3571 
.2573 
.1786 
.1124 
.0550 
.0033 
-.0447 
-.0906 
-.1352 
-.1794 
-.2241 
-.2702 
-.3181 
-.3691 
-.4245 
-.4856 
-.5545 
-.6343 
-.7279 
-.8366 
-.9462 
-1.0000 


0 

.939 
1.886 
2.849 
3.837 
4.859 
5.928 
7.055 
8.256 
9.549 
10.958 
12.512 
14.250 
16.224 
18.505 
21.192 
24.433 
28.447 
33.585 
40.431 
50.019 
64.292 
87.030 
124.660 
180.000 


0 

.0793 
.1064 
.1156 
.1192 
.1203 
.1204 
.1198 
.1179 
.1150 
.1115 
.1075 
.1029 
.0976 
.0920 
.0861 
.0790 
.0715 
.0632 
.0534 
.0425 
.0300 
.0170 
.0055 

0 


-0.2335 
-.2066 
-.1571 
-.1204 
-.0938 
-.0723 
-.0543 
-.0379 
-.0229 
-.0093 
.0030 
.0146 
.0253 
.0353 
.0446 
.0537 
.0623 
.0703 
.0780 
.0850 
.0908 
.0948 
.0956 
.0928 
.0905 


0 

3.3265 
2.5341 
1.8673 
1.3824 
1.0420 
.8901 
.7706 
.6580 
.5564 
.4629 
.3844 
.3205 
.2647 
.2158 
.1717 
.1331 
.0998 
.0716 
.0485 
.0257 
.0076 
-.0026 
-.0046 
0 


0 

2.3963 
.8991 
.3051 
.1196 
.0359 
-.0246 
-.0716 
-.1092 
-.1320 
-.1433 
-.1482 
-.1487 
-.1451 
-.1373 
-.1278 
-.1152 
-.1016 
-.0876 
-.0731 
-.0579 
-.0412 
-.0256 
-.0114 
0 



'Rejected points. 
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TABLE H. - VELOCITY DISTRIBUTIONS AND CARTESIAN MAPPINO 
FUNCTIONS FOR 12- PERCENT- THICK AIRFOIL - Concluded 
(e) c/hf 2.0; method of semi- Infinite chord; c, 2; h, 1; n, 15 



e 



Percent 



<f 



Ay 



Ax 



dAx 
d 9 



day 
dq> 









Front ha 


If of ai 


rfoll 








0 X 


_1 
7 2 




1 . 0000 


OS 


0 


0 


-0.2458 


0 


0 


X 




66.28 


a 1.1998 


0.325S 


.501 


.0849 


- .2152 


6 .4838 


5 . 0200 


2 




57.80 


a 1.3457 


.1560 


1.006 


.1055 


- .1626 


4.7171 


1.2607 


3 




52.94 


a 1.3766 


.0588 


1.520 


.1140 


-.1285 


3.3077 


.6595 


4 




49 .44 


1.3710 


- .0112 


2.047 


.1181 


-.1037 


2.4177 


.2982 


5 




46.71 


1.3692 


-.0658 


2.593 


.1200 


-.0830 


1.8974 


.0902 


6 




44.39 


1.3742 


- .1122 


3.164 


.1203 


- .0662 


1.5696 


.0308 


7 




42.35 


1.3647 


-.1530 


3.766 


.1204 


-.0515 


1.2936 


- .0036 


8 




40.50 


1.3537 


-.1901 


4.408 


.1202 


- . 0385 


1.0805 


-.0315 


9 




38.78 


1.3443 


-.2244 


5.101 


.1199 


-.0263 


.9154 


-.0426 


10 




37.16 


1.3501 


- .2568 


5.857 


.1193 


-.0148 


.8074 


-.0521 


11 




35.60 


1.3446 


- .2880 


6.692 


.1185 


-.0036 


.6985 


-.0579 


12 




34.06 


1.3484 


-.3188 


7.628 


.1174 


.0072 


.6185 


- .0768 


13 




32.52 


1.3525 


- .3496 


8.694 


.1160 


.0180 


.5477 


- . 0813 


14 




30.94 


1.3439 


-.3811 


9.931 


.1143 


.0287 


.4710 


- . 0773 


IS 




29.31 


1.3340 


-.4138 


11.396 


.1123 


.0397 


.4017 


- .0739 


16 




27.58 


1.3216 


-.4485 


13.174 


.1100 


.0510 


.3386 


- .0813 


17 




25.70 


1.3118 


-.4860 


15.398 


.1070 


.0629 


.2830 


- .0750 


18 




23.62 


1.2931 


-.5275 


18.286 


.1036 


.0757 


.2272 


- .0676 


19 




21.26 


1.2871 


-.5749 


22.222 


.0990 


.0898 


.1838 


- .0620 


20 




18.46 


1.2642 


-.6309 


27.943 


.0939 


.1055 


.1368 


- .0560 


21 




15.00 


1.2476 


- .7001 


37.058. 


.0849 


.1237 


.0974 


- .0485 


22 




10.52 


1.2381 


- .7896 


53.714 


.0722 


.1462 


.0636 


- .0399 


23 




4.645 


1.1758 


-.9071 


90.974 


.0500 


.1740 


.0271 


- .0314 


24 




0 


0 


-1.0000 


180.000 


0 


.1887 


0 


- .0344 


Rear half of airfoil 




0 x 


-I 




1.0000 




0 


0 


-0.2660 


0 




1 




29.70 


a 1.3950 


0.4061 


.501 


.1127 


-.2194 


13.3834 


1.9169 


2 




37.16 


a 1.3927 


.2567 


1.006 


.1192 


-.1468 


5.1175 


.3331 


3 




41.90 


a 1.3449 


.1621 


1.520 


.1204 


-.1100 


3.0781 


.0306 


4 




45.42 


1.3684 


.0916 


2.047 


.1201 


-.0857 


2.3995 


-.0963 


5 




48.14 


1.3756 


.0372 


2.593 


.1192 


-.0649 


1.9233 


-.1709 


6 




50.47 


1.3689 


- .0094 


3.164 


.1171 


-.0481 


1.5591 


- .2245 


' 7 




52.50 


1.3469 


-.0499 


3.766 


.1147 


-.0332 


1.2544 


-.2347 


8 




54.36 


1.3365 


-.0872 


4.408 


.1119 


-.0204 


1.0506 


-.2437 


9 




56.09 


1.3193 


-.1218 


5.101 


.1089 


- . 0085 


.8769 


- .2580 


10 




57.76 


1.3013 


-.1551 


5.857 


.1054 


.0021 


.7338 


-.2531 


11 




59.38 


1.2876 


-.1875 


6.692 


.1020 


.0121 


.6218 


- .2409 


12 




61.00 


1.2764 


-.2199 


7.628 


.0981 


.0213 


.5303 


-.2237 


13 




62.63 


1.2499 


-.2526 


8.694 


.0942 


.0302 


.4312 


- .2048 


14 




64.32 


1.2362 


-.2863 


9.931 


.0900 


.0387 


.3618 


-.1864 


15 




66.08 


1.2182 


-.3215 


11.396 


.0854 


.0472 


.2965 


-.1677 


16 




67.96 


1.2010 


-.3592 


13.174 


.0805 


.0556 


.2415 


-.1569 


17 




70.01 


1.1830 


-.4002 


15.398 


.0748 


.0639 


.1919 


- .1388 


18 




72.32 


1.1624 


-.4464 


18.286 


.0684 


.0720 


.1459 


- .1148 


19 




74.96 


1.1336 


-.4992 


22.222 


.0613 


.0806 


.1024 


-.0988 


20 




78.13 


1.1045 


-.5626 


27.943 


.0523 


.0890 


.0662 


-.0813 


21 




82.10 


1.0737 


-.6420 


37.058 


.0413 


.0971 


.0364 


- . 0578 


22 




87.38 


1.0321 


-.7476 


53.714 


.0278 


.1034 


.0120 


-.0367 


23 




94.67 


.9826 


- .8914 


90.974 


.0111 


.1049 


-.0018 


-.0173 


24 




100.00 


0 


-1.0000 


180. 000 


0 


.1039 


0 


0 



a ReJeoted points. 
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TABLE HI. - "VELOCITY DISTRIBUTIONS. AND CARTESIAN MAPPING 

FUNCTIONS FOE 24-PERCENT-THICK AIRFOIL 
(a) c/h, 0; method of finite chord; r, 1.1855; 0.0317 



(deg) 


Percent 
chord 


T i 
V 


z 


Ay 


Ax 


dAx 

dcp 


dAy 
d<p 


0 x 15 


0 


0 


1.0000 


0 


-0.2172 


0 


0.2103 


1 


1.720 


.9233 


.9656 


.0542 


-.2112 


.0460 


.2059 


2 


6.735 


1.1013 


.8653 


.1067 


-.1931 


.0922 


.1977 


3 


14.64 


1.1634 


.7071 


.1564 


-.1629 


.1412 


.1825 


4 


24.64 


1.2297 


.5071 


.2002 


-.1173 


.2055 


.1509 


5 


35.84 


1.2962 


.2832 


.2314 


-.0553 


.2654 


.0818 


6 


47.42 


1.3361 


.0517 


.2388 


.0200 


.2986 


-.0267 


7 


59.10 


1.2682 


-.1820 


.2164 


.0931 


.2531 


-.1400 


8 


70.60 


1.1594 


-.4119 


.1683 


.1491 


.1682 


-.2174 


9 


81.49 


1.0178 


-.6298 


.1078 


.1768 


.0477 


• 2308 


10 


90.92 


.9019 


-.8184 


.0536 


.1766 


-.0406 


-.1756 


11 


97.54 


.8217 


-.9508 


.0188 


.1626 


-.0546 


..0939 


12 


100.00 


0 


-1.0000 


0 


.1538 


0 


-.0569 



(o) c/h, 0.5; method of finite chord; ooBh k, 1.34708; T, 0.05243 





Percent 


T c 


X 




Ax 


dAx 


dAy 
dqp 


(deg) 


chord 


y 


0.5* 


O.Srt 


d<p 


0 X 15 


0 


0 


1.0000 


0 


-0.3930 


0 


0.4310 


1 


2.855 


1.0375 


.9429 


.0705 


-.3744 


.1396 


.3961 


2 


10.14 


1.1600 


.7972 


.1302 


-.3263 


.2248 


.3276 


3 


19.42 


1.2225 


.6115 


.1787 


-.2581 


.2918 


.2566 


4 


29.04 


1.2954 


.4193 


.2151 


-.1733 


.3530 


.1721 


5 


38.38 


1.3442 


.2325 


.2353 


-.0763 


.3837 


.0719 


6 


47.50 


1.3602 


.0500 


.2386 


.0261 


.3938 


-.0362 


7 


56.68 


1.2302 


-.1335 


.2232 


.1270 


.3713 


-.1506 


8 


66.24 


1.2304 


-.3248 


.1888 


.2169 


.3085 


-.2645 


9 


76.46 


1.1082 


-.5291 


.1370 


.2826 


.1893 


-.3504 


10 


87.08 


.9768 


-.7415 


.0757 


.3090 


.0157 


-.3411 


11 


96.20 


.8790 


-.9240 


.0262 


.2992 


-.0807 


-.2236 


12 


100.00 


0 


-1.0000 


0 


.2882 


0 


-.1468 
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TABLE H. - VELOCITY DISTRIBUTIONS AND CARTESIAN MAPPING 



FUNCTIONS FOR 24-PERCENT-THICK AIRFOIL - Continued 





(o) 


c/h, 1.0 


; method 


of seml- 


infinite 


chord ; 


c , 2; h 


» 2; n, 


6 


e 

(deg) 


Percent 
chord 


v e 
V 


X 


<f 

(deg) 


Ay 


Ax 


dAx 
d 9 


dAy 

d«p 


Front half of airfoil 


0 x 






1.0000 


OQ 


0 


0 


-0.2370 


0 


0 


1 




115,6 


.9661 


1.3125 


1.252 


0 


- .2574 


-1 . 02ol 


o 


2 




92.24 


a .8895 


.8449 


2.514 


.0471 


-.2811 


-1.0200 


4.9886 


3 




79.28 


a 1.1239 


.5856 


3.798 


.1221 


-.2778 


■ 1.4057 


2.4101 


4 




71.70 


a 1.26S6 


.4340 


5.114 


.1640 


-.2400 


1.6663 


1.3743 


5 




66 . 07 


1 .3231 


.3214 


6 .476" 


.1899 


- .2025 


1 .4700 


m a c 


6 




61.44 


1.3662 


.2289 


7.898 


.2081 


-.1687 


1.2873 


.5854 


7 




57.54 


1.4146 


.1509 


9.397 


.2208 


-.1363 


1.1610 


.3766 


8 




54.09 


1.4469 


.0818 


10.993 


.2297 


-.1059 


1.0337 


.2339 


9 




50.94 


1.4652 


.oiaa 


12.709 


.2350 


-.0768 


.9129 


.1458 


10 




47.98 


1.4733 


-.0405 


14.576 


.2383 


-.0493 


.8010 


.0684 


11 




45.14 


1.4769 


-.0971 


16.631 


.2396 


- . 0224 


.7032 


.0104 


12 




42.37 


1.4745 


-.1526 


18.925 


.2389 


.0037 


.6148 


-.0277 


13 




39.60 


1.4674 


-.2079 


21.521 


.2368 


.0294 


.5351 


-.0608 


14 




36.80 


1.4554 


- .2640 


24 . 509 


.2330 


.0549 


.4620 


-.0827 


15 




33.91 


1.4346 


-.3218 


28.012 


.2276 


.0806 


.3921 


- .0984 


16 




30.87 


1.4059 


-.3826 


32.204 


.2201 


.1066 


.3258 


- .1078 


17 




27.62 


1.3730 


-.4475 


37.347 


.2104 


.1332 


.2651 


-.1121 


18 




24.10 


1.3468 


-.5180 


43.837 


.1980 


.1603 


.2142 


-.1102 


19 




20.20 


1.3152 


- . 5961 


52.301 


.1819 


.1880 


.1669 


-.1060 


20 




15.85 


1.2832 


-.6830 


63.764 


.1621 


.2163 


.1246 


-.0958 


21 




11.09 


1.2482 


-.7782 


79.919 


.136 5 


.2456 


.0879 


-.0858 


22 




6.130 


1.1717 


- .8774 


103.388 


.1018 


.2739 


.0526 


- .0806 


23 




1.835 


1.0333 


-.9633 


137.084 


.0561 


.2966 


.0306 


-.0758 


24 




0 


0 


-1.0000 


180.000 


0 


.3056 


0 


- .0738 


Rear half of airfoil 


0 X 


-I 


-oo 


1 . 0000 


cxa 


0 


0 


-0.2733 


0 


0 


1 


-17.43 


a .9558 


1.3486 


1.252 


0 


-.3040 


-1.3465 


0 


2 




5.740 


a .9243 


.8852 


2.514 


.1001 


- .3234 


0 


5.9909 


3 




16.71 


a 1.3396 


.6658 


3.798 


.1677 


-.2803 


2.6010 


1.5367 


4 




23.56 


a 1.3535 


.5287 


5.114 


.1959 


-.2281 


1.9476 


.9475 


5 




29.04 


a 1.3767 


.4193 


6.476 


.2144 


-.1872 


1.5893 


.6356 


6 




33.48 


a 1.4015 


.3303 


7.898 


.2264 


- .1500 


1.3419 


.3701 


7 




37.32 


a 1.4374 


.2537 


9.397 


.2338 


-.1162 


1 . 1847 


.1831 


8 




40.72 


a 1.4570 


.1856 


10.993 


.2378 


-.0848 


1.0391 


.0856 


9 




43.86 


ai.4662 


.1227 


12.709 


.2395 


-.0556 


.9090 


.0225 


10 




46.81 


a 1.4634 


.0638 


14.576 


.2391 


-.0276 


.7888 


-.0406 


11 




49.65 


1.4686 


.0070 


16.631 


.2368 


- . 0010 


.6973 


- . 0843 


12 




52.44 


1.4596 


-.0487 


18.925 


.2328 


.0249 


.6066 


-.1162 


13 




55.22 


1.4439 


-.1046 


21.521 


.2272 


.0501 


.5230 


-.1371 


14 




58.06 


1.4202 


-.1612 


24.509 


.2197 


.0751 


.4447 


-.1512 


15 




61.01 


1.3814 


-.2202 


28.012 


.2100 


.0996 


.3679 


-.1690 


16 




64.13 


1.3430 


-.2826 


32.204 


.1982 


.1239 


.2984 


-.1653 


17 




67.50 


1.3070 


-.3501 


37.347 


.1833 


.1478 


.2398 


-.1626 


18 




71.21 


1.2558 


-.4242 


43.837 


.1656 


.1714 


.1817 


-.1594 


19 




76.38 


1.1933 


-.5076 


52.301 


.1429 


.1937 


.1250 


- .1462 


20 




80.18 


1.1161 


-.6036 


63.764 


.1153 


.2130 


.0715 


-.1282 


21 




85.72 


1.0334 


-.7145 


79.919 


.0832 


.2265 


.0257 


-.0985 


22 




91.88 


.9658 


-.8377 


103.388 


.0480 


.2309 


0 


- 0675 


23 




97.54 


.8979 


-.9507 


137.064 


.0189 


.2265 


-.0092 


-.0371 


24 




100.00 


0 


-1.0000 


180.000 


0 


.2230 


0 


0 



a ReJected points. 
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TABLE BE. - VELOCITY DISTRIBUTIONS AMD CARTESIAN MAPPING 
FUNCTIONS FOR 24-PERCENT-THICK AIRFOIL - Continued 



(d) c/h, 1.5; method of serai- Infinite chord; c, 2; h, 4/3; n, 8 



e 

(deg) 


Percent 
chord 


v c 
V 


X 


<P 

(deg) 


ay 


Ax 


dax 

d <f 


doy 






Front half of airfoil 








0 x 7 i 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 


74.50 
63.92 
58.32 
54.29 
51.17 
48.56 
46.29 
44.23 
42.34 
40.52 
38.76 
37.04 
35.30 
33.53 
31.68 
29.71 
27.57 
25.20 
22.48 
19.24 
15.27 
10.26 

4.130 

0 


1.0000 
a 1.2438 
a 1.5358 
a 1.5987 
a 1.6524 
a 1.6718 
a 1.6763 
1.6684 
1.6617 
1.6654 
1.6613 
1.6633 
1.6600 
1.6441 
1.6197 
1.6023 
1.5813 
1.5582 
1.5281 
1.4856 
1.4333 
1.3815 
1.3382 
1.2114 
0 


co 

0.4900 
.2784 
.1664 
.0858 
.0234 
-.0289 
-.0742 
-.1154 
- .1533 
-.1896 
-.2247 
-.2593 
-.2939 
-.3294 
-.3664 
- .4058 
-.4486 
-.4960 
-.5505 
-.6151 
-.6946 
- .7949 
-.9174 
-1.0000 


0 

.626 
1.257 
1.899 
2.558 
3.241 
3.954 
4.706 
5.509 
6.374 
7.318 
8.360 
9.527 
10.856 
12.396 
14.218 
16.426 
19.183 
22.750 
27.586 
34.552 
45.462 
64.666 
103.629 
180.000 


0 

.1477 
.1997 
.2189 
.2292 
.2348 
.2379 
.2393 
.2395 
.2389 
.2375 
.2356 
.2334 
.2303 
.2267 
.2221 
.2168 
.2102 
.2022 
.1916 
.1777 
.1590 
.1309 
.0840 

0 


-0.4634 

-.4140 
-.3236 
-.2569 
-.2086 
-.1686 
-.1348 
-.1046 
- . 0776 
-.0525 
-.0290 
-.0065 
.0154 
.0371 
.0589 
.0810 
.1038 
.1276 
.1532 
.1809 
.2114 
.2459 
.2864 
.3306 
.3524 


0 

8.7854 
7.0656 
4.8956 
3.7931 
3.0286 
2.4837 
2.0691 
1 .7564 
1.5237 
1.3234 
1.1618 
1.0180 
.8818 
.7562 
.6494 
.5515 
.4619 
.3769 
.2953 
.2182 
.1513 
.0962 
.0444 

0 


0 

8.4772 
2.8107 
1.2701 
.6855 
.3554 
.1598 
.0510 
- . 0144 
-.0673 
-.0986 
-.1159 
-.1299 
-.1369 
-.1436 
-.1441 
-.1426 
-.1388 
-.1304 
-.1209 
-.1058 
-.0907 
-.0750 
-.0631 
-.0664 


Rear half of airfoil 


0 X 7 | 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 


. 

21.64 
30.83 
36.26 
40.26 
43.32 
45.94 
48.19 
50.26 
52.18 
54.02 
55.78 
57.54 
59.30 
61.14 
63.05 
65.10 
67.34 
69.87 
72.78 
76.32 
80.80 
86.82 
94.77 
100.00 


1.0000 

a 1.4721 
a 1.7148 
a 1.6763 
a 1.6823 
a 1.6921 
1.6674 
1.6621 
1.6608 
1.6477 
1.6361 
1.6222 
1.6049 
1.5798 
1.5539 
1.5252 
1.4869 
1.4427 
1.3967 
1.3566 
1.2716 
1.1723 
1.0763 
.9593 

0 


CO 

0.5672 
.3834 
.2749 
.1948 
.1335 
.0812 
.0362 
-.0053 
-.0435 
-.0803 
-.1155 
-.1507 
-.1861 
-.2228 
- .2610 
-.3021 
-.3468 
- .3974 
-.4557 
-.5265 
- .6160 
- .7365 
-.8954 
-1.0000 


0 

.626 
1.257 
1.899 
2.558 
3.241 
3.954 
4.706 
5.509 
6.374 
7 .318 
8.360 
9.527 
10.856 
12.396 
14.218 
16.426 
19.183 
22.750 
27.586 
34.552 
45.462 
64.666 
103.629 
180.000 


0 

.1879 
.2200 
.2320 
.2372 
.2394 
.2394 
.2382 
.2361 
.2333 
.2300 
.2261 
.2213 
.2160 
.2097 
.2027 
.1943 
.1843 
.1723 
.1572 
.1376 
.1117 
.077 0 
.0333 

0 


-0.5031 

-.4314 
-.3132 
-.2431 
-.1942 
-.1530 
-.1192 
- .0889 
-.0622 
-.0373 
-.0143 
.0080 
.0293 
.0503 
.0709 
.0918 
.1129 
.1347 
.1572 
.1811 
.2054 
.2299 
.2502 
.2580 
.2577 


0 

13.2430 
8.1650 
5.1959 
3.8646 
3.0691 
2.4612 
2.0595 
1.7591 
1.5062 
1.3015 
1.1275 
.9759 
.8382 
.7170 
.6086 
.5056 
.4105 
.3239 
.2507 
.1662 
.0916 
.0360 

0 
0 


0 

6.3899 
1.5171 
.6839 
.3391 
.0925 
-.0549 
-.1218 
-.1478 
-.1939 
- .2123 
-.2216 
-.2254 
-.2285 
-.2263 
-.2238 
- .2174 
-.2076 
-.1900 
-.1714 
-.1468 
-.1205 
-.0863 
-.0491 
0 
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TABLE EL. - VELOCITY DISTRIBUTIONS AND CARTESIAN MAPPING 
FUNCTIONS FOR 24- PERCENT- THICK AIRFOIL - Concluded 





(e) c 


/h» 2.0, 


method 


of semi- 


infinite chord; 


c, 2; t 


if i; n, 


30 


e 


Percent 
chord 




X 


(de«> 


Ay 


Ax 


dAx 
d <9 


dAy 
d <p 






Front half of airfoil 


0 


x t\ 


oo 


1 . 0000 


oo 


0 


0 


-0.5528 


0 


0 


i 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 




54.02 
50.26 
47.18 
44.74 
42.93 
41.30 
39.94 
38.65 ' 
37.48 
36.35 
35.27 
34.18 
33.09 
31.97 
30.80 
29.55 
28.19 
26.66 
24.88 
22.76 
19.97 
16.14 
10.28 
0 


*2.9318 
*2.4921 
2.0095 
2.0103 
2.0025 
1 . 9859 
1.9569 
1.9564 
1.9472 
1.9430 
1.9505 
1.9379 
1.9070 
1.8601 
1.8257 
1.8080 
1.7828 
1.7531 
1.7156 
1.6762 
1.6100 
1 . 5680 
1.4955 
0 


0.0805 
.0053 
-.0564 
- .1052 
-.1414 
- .1739 
-.2012 
-.2270 
-.2503 
-.2730 
-.2946 
-.3165 
- .3382 
-.3606 
-.3840 
- .4090 
-.4362 
- .4667 
-.5023 
- .5448 
-.6006 
-.6771 
-.7944 
- 1 . 0000 


.260 
.503 
.760 
1.024 
1.297 
1.582 
1.884 
2.205 
2.552 
2.930 
3.349 
3.818 
4.354 
4.975 
5.712 
6.609 
7.734 
9.202 
11.217 
14 . 182 
19.026 
28.416 
53.913 
180.000 


.2298 
.2361 
.2389 
.2396 
.2391 
.2381 
.2370 
.2355 
.2340 
.2322 
.2303 
.2280 
.2258 
.2230 
.2200 
.2166 
.2123 
.2074 
.2010 
.1928 
.1810 
.1632 
.1309 

0 


-.4566 
- .3098 
-.2401 
- .1941 
-.1550 
-.1242 
-.0960 
-.0716 
-.0485 
-.0272 
-.0063 
.0136 
.0336 
.0536 
.0742 
.0956 
.1184 
.1431 
.1704 
.2022 
.2393 
.2887 
.3667 
.4129 


48.0667 
21.7485 
12.0661 
8.9548 
7.0434 
5.7267 
4.7407 
4 . 0515 
3.4861 
3.0307 
2.6647 
2.3231 
2.0049 
1.7098 
1.4593 
1.2492 
1.0517 
.8667 
.6916 
.5312 
.3754 
.2396 
.1118 

0 


1.9116 
1.0144 
.4444 
.0168 

- .1671 
-.2203 
-.2510 
-.2701 
-.2747 
-.2645 
-.2546 
-.2463 
-.2429 

- .2479 
-.2395 
-.2288 
-.2164 
-.1959 
-.1709 
-.1510 
-.1347 
-.0971 
-.0576 
- .1019 




Rear half of airfoil 


0 


X7| 


-oo 


1.0000 


CO 


0 


0 


-0.5504 


0 


0 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 




40.56 
44.00 
47.02 
49.48 
51.30 
52.95 
54.34 
55.66 
56 *36 
58.04 
59.16 
60.31 
61.44 
62.64 
63.88 
65.21 
66.67 
68.34 
70.27 
72.65 
75.74 
80.21 
88.20 
100.00 


a 6.4445 
a 2.4479 
2.0071 
1.9861 
1.9730 
1.9658 
1.9234 
1.8777 
1.8665 
1.8667 
1.8613 
1.8437 
1.8095 
1.7660 
1.7268 
1.6881 
1.6515 
1.6074 
1.5614 
1.5014 
1.4235 
1.2813 
1.0860 
0 


0.1887 
.1199 
.0597 
.0105 
-.0260 
-.0590 
-.0869 
-.1132 
-.1372 
-.1608 
-.1833 
-.2062 
-.2289 
-.2528 
-.2776 
-.3042 
-.3334 
- .3667 
-.4054 
-.4530 
-.5147 
-.6042 
-.7639 
-1.0000 


.250 
.503 
.760 
1.024 
1.297 
1.582 
1.884 
2.205 
2.552 
2.930 
3.349 
3.818 
4.354 
4.975 
5.712 
6.609 
7.734 
9.202 
11.217 
14.182 
19.026 
28.416 
53.913 
180.000 


.2377 
.2396 
.2389 
.2368 
.2345 
.2318 
.2290 
.2262 
.2229 
.2197 
.2162 
.2126 
.2086 
.2041 
.1994 
.1940 
.1873 
.1797 
.1701 
.1580 
.1410 
.1150 
.0690 

0 


-.4492 
-.2960 
-.2249 
-.1793 
-.1405 
-.1102 
-.0825 
-.0588 
-.0362 
-.0158 
.0042 
.0230 
.0421 
.0606 
.0798 
.0995 
.1203 
.1422 
.1664 
.1931 
.2243 
.2607 
.2963 
.3120 


61.6136 
21.4506 
12.0523 
8.8597 
6.9538 
5.6857 
4.6755 
3.8962 
3.3512 
2.9249 
2.5560 
2.2225 
1.9108 
1.6263 
1.3804 
1.1604 
.9645 
.7827 
.6165 
.4565 
.3065 
.1560 
.0362 

0 


1.3365 

0 

- .4346 
-.4759 
-.5004 
-.5122 
-.5214 
-.5177 
-.5084 
-.4875 
-.4616 
-.4400 
-.4153 
-.3910 
-.3713 
-.3446 
-.3166 
- .2932 
-.2629 
-.2214 
-.1772 
-.1318 
-.0803 
0 



'Rejected points. 



TABLE 17. - LOCAL COHSTRICTIOH CORRECTIONS Ay/V FOR 12 -PERCENT-THICK AIRFOIL 





Conforma! -mapping 


First-order image 


1 1 


Second-order image 


Percent 
chord 




correction 






correction 








correction 




o/h 




A i 

, 2^ 


R 




Percent 
chord 




c 


>/n 




0,5 


1.0 


1.5 


2.0 


0.5 


1.0 


1.5 


2.0 




0.5 


1.0 


1.5 


2.0 


0 


0 




n 




0 


0 


0 


0 


0 


0 


0 


0 


0 


5.0 


.020 




085 


.118 


.0124 


.0516 


.1193 


.2183 


.7595 


.0094 


.0249 


.0029 


-.1475 


10.0 


.012 


.040 


.075 


.137 


.0128 


.0529 


.1224 


.2240 


3.016 


.0098 


.0277 


.0140 


-.1141 


15.0 


009 


.038 


080 


.133 


.0129 


.0536 


.1241 


.2270 


6.698 


.0103 


.0316 


• 0315 


-.0584 


20.0 


.010 


.043 


.091 


.151 


.0130 


.0540 


.1250 


.2286 


11.70 


.0108 


.0362 


.0534 


.0130 


25.0 


.014 


.050 


.103 


.173 


.0131 


.0544 


.1260 


.2309 


17.86 


.0111 


.0409 


.0764 


.0899 


30.0 


.013 


.055 


.112 


.193 


.0133 


• UDOvJ 


• lis (c 


.2327 


25.00 


.0115 


(TACT 




.1611 


35.0 


.010 


.053 


.116 


.194 


.0134 


.0556 


.1287 


.COO* 


32.90 


• una 


.0488 


.1152 




40.0 


.008 


.047 


.102 


.182 


.0135 


.0562 


.1300 


.2378 


41.32 


.0122 


.0513 


.1259 


.2514 


45.0 


.011 


.048 


.104 


.199 


.0136 


.0563 


.1303 


.2384 


50.00 


.0121 


.0510 


• 1250 


.2493 


50.0 


.016 


.055 


.121 


.204 


.0135 


.0560 


.1297 


.2372 


58.68 


.0116 


.0478 


.1120 


.2099 


55.0 


.018 


.054 


.113 


.183 


.0133 


.0552 


.1277 


.2335 


67.10 


.0109 


.0422 


.0896 


.1419 


60.0 
65.0 


.014 
.014 


.047 
.043 


.099 
.088 


.160 
.145 


.0130 


.0539 


.1247 


.2280 


75.00 


.0101 


.0362 


.0634 


.0601 


.0126 


.0523 


.1210 


.2213 


82.14 


.0095 


.0302 


.0363 


-.0270 


70.0 


.014 


.040 


.080 


.128 


.0122 


.0507 


.1174 


.2148 


88.30 


.0089 


.0247 


.0103 


-.1117 


75.0 


.014 


.038 


.073 


.112 


.0119 


.0492 


.1139 


.2083 


93.30 


.0084 


.0198 


-.0124 


-.1852 


80.0 


.012 


.033 


.062 


.093 


.0116 


.0480 


.1110 


.2030 


96.98 


.0080 


.0159 


-.0297 


-.2405 


85.0 
90.0 


.010 
.005 


.027 
.030 


.049 
.042 


.075 
.061 


.0113 
.0110 


.0469 
.0457 


.1085 
.1057 


.1985 












.1934 






















95.0 


.009 


.041 


.045 


.059 


.0107 




.1025 


.1875 























TABLE 7. - LOCAL C0H3EEECTI01I COEHBCTIQHS Av/V FOE 24-PEKCEHT-THICK AIRPOILS 





Conforms! -mapping 


First-order image 




Second-order image 


Percent 
chord 




correction 






correction 




Percent 
chord 




correction 




c/h 


c/h 


o/h 




JL.U 


1.5 


g.u 


u.o 


JL.U 


1.5 


a.u 




U.D 


x.u 


1.0 




A 


n 


0 


0 


o 


0 




0 




r> 
u 


n 


0 


0 


n 


5*0 


. vvv 


OA? 


17^ 




-029T 








.7595 


-.01 


.0505 


— .0429 


- . 44.70 

• was I w 


xu.u 


• 029 


108 


.206 


363 


.0306 


.1314 


.3211 


6153 


O .UXO 


.0190 


.0467 


-.0295 


-.5020 


15.0 


.027 


.113 


.214 


.386 


.0316 


.1356 


.3313 


.6349 


a Ann 

6.698 


.0211 


.0593 


.0170 


-.3633 




.028 


.115 


.245 


.430 


.0325 


.1397 


.3413 


.6540 


1 1 7f» 


.0225 


.0724 


.0794 


-.1458 




.053 


.122 


.269 


.488 


.0334 


.1434 


.3504 


.6714 


X / .00 


.0241 


.0871 


.1501 


.1012 




.038 


.136 


.325 


.558 


.0342 


.1469 


.3589 


.6878 




.0257 


.1020 


.2212 


.3482 




.038 


,150 


.348 


.650 


.0350 


.1503 


.3672 


.7036 


r <0 OA 
OCm m W 


.0272 


.1153 


.2831 


,5612 


40.0 


.032 


.151 


.347 


.645 


.0357 


.1534 


.3748 


.7183 


41.32 


.0286 


.1254 


.3268 


.7067 


45.0 


.024 


.140 


.330 


.675 


.0562 


.1555 


.5800 


.7281 


50.00 


.0287 


.1268 


.3344 


.7341 


50.0 


.029 


.144 


.554 


.656 


.0359 


.1543 


.3771 


.7227 


58.66 


.0273 


.1179 


.3002 


.6282 


55.0 


' .034 


.146 


.351 


.596 


.0352 


.1512 


.3694 


.7080 


67.10 


.0252 


.1034 


.2398 


.4322 


60.0 


.032 


.138 


.311 


.590 


.0541 


.1467 


.3583 


.6867 


75.00 


.0227 


.0856 


.1650 


.1877 


65.0 


.027 


.122 


.275 


.480 


.0329 


.1414 


.3455 


.6622 


82.14 


.0201 


.0673 


.0887 


-.0602 


(VlV 


nor* 


t nc 


own 


A f\A 


a WO XV 


. JAW 


Hit 7t 




aa m 


m an 




.0218 


_ ;>nnj. 


75.0 


.020 


.091 


.194 


.335 


.0299 


.1286 


.3143 


.6022 


93.30 


.0163 


.0590 


-.0322 


-.4591 


80.0 


.023 


.082 


.163 


.265 


.0281 


.1208 


.2952 


.5657 


96.98 


.0150 


.0299 


-.0709 


-.5858 


85.0 


,030 


.077 


.137 


.194 


.0263 


.1131 


.2764 


.5297 






















90.0 


.031 


.072 


.116 


.135 


.0247 


.1062 


.2594 


.4970 






















95.0 


,037 


.074 


.103 




.0231 


.0992 


.2425 


.4643 



























NACA TN No. 164-2 



41 



TABLE 71. - AVERAGE CONSTRICTION CORRECTIONS 



Method 


c/h 


12-peroent- 
tniok air- 
foil 


24-percent- 
thiok air- 
foil 


10-percent 

Kaplan 

section 


Confonnal- 
mapping 
oorreotion 


0.5 

J..U 

1.5 
2.0 


0.0123 

f\A A A 
. U4-4-4 

.0907 

.1511 


0.0294 
. iiyy 
.2642 
.4731 


0.0085 

AX ACT 

.1033 


First-order 
image cor- 
rection 


0.5 
1.0 
1.5 
2.0 


0.0131 
.0534 
.1226 
.2250 


0.0324 
.1397 
.3406 
.6538 




Second -order 
image cor- 
rection 


0.5 
1.0 
1.5 
2.0 


0.0110 
.0426 
.0877 
.1330 


0.0252 
.0994 
.2186 
.3555 





TABLE VII. - CONJUGATE AND DERIVATIVE COEFFICIENTS FOE 24 -POINT SCHEME 





Conjugate 


Derivative 




Conjugate 


Derivative 


k 


coefficients 


coefficients 


k 


coefficients 


coefficients 




a k 






a k 


*k 


0 


0 


-4.95445 


12 


0 


0.02778 


1 


-.42564 


1.63040 


13 


.00366 


.01413 


2 


-.20734 


.41467 


14 


.01489 


.02977 


3 


-.06706 


.09484 


15 


.01151 


.01627 


4 


-.09623 


.11111 


16 


.03208 


.03704 


5 


-.03620 


.03748 


17 


.02131 


.02207 


6 


-.05556 


.05556 


18 


.05556 


.05556 


7 


-.02131 


.02207 


19 


.03620 


.03748 


8 


-.03208 


.03704 


20 


.09623 


.11111 


9 


-.01151 


.01627 


21 


.06706 


.09484 


10 


-.01489 


.02977 


22 


.20734 


.41467 


11 


-.00366 


.01413 


23 


.42564 


1.63040 
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TABLE! Till. - CONJUGATE AND DERIVATIVE COEFFICIENTS 



FOE 48 -POINT SCHEME 





Con 1 nctat e 


Derivative 




Con 1u£r&"te 


Deri vat i ve 


k 


ooeff ioients 


coefficients 


k 


coefficients 


coefficients 




IE 








°k 


0 


0 


-9.90891 


24 


0 


0.01389 


1 


-.42470 


3.24694 


25 


.00091 


.00697 


2 


-.21099 


.81517 


26 


.00366 


.01413 


3 


-.06982 


.18246 


27 


.00276 


.00722 


4 


-.10367 


.20733 


28 


.00744 


.01489 


5 


-.04092 


.06721 


29 


.00472 


.00774 


6 


-.06706 


.09484 


30 


.01151 


.01627 


7 


-.02816 


.03550 


31 


.00685 


.00863 


8 


-.04811 


.05556 


32 


.01604 


.01852 


9 


-.02079 


.02250 


33 


.00926 


.01004 


10 


-.03620 


.03748 


34 


.02132 


.02207 


11 


-.01584 


.01597 


35 


.01218 


.01229 


12 


-.02778 


.02778 


36 


.02778 


.02778 


13 


-.01218 


.01229 


37 


.01584 


.01597 


14 


-.02132 


.02207 


38 


.03620 


.03748 


15 


-.00928 


.01004 


39 


.02079 


.02250 


16 


-.01604 


.01852 


40 


.04811 


.05556 


17 


-.00685 


.00863 


41 


.02816 


.03550 


18 


-.01151 


.01627 


42 


.06706 


.09484 


19 


-.00472 


.00774 


43 


.04092 


.06721 


20 


-.00744 


.01489 


44 


.10367 


.20733 


21 


-.00276 


.00722 


45 


.06982 


.18246 


22 


-.00366 


.01413 


46 


.21099 


.81517 


23 


-.00091 


.00697 


47 


.42470 


3.24694 



TABLE IX. - CRITICAL MACH NUMBER OF ISOLATED AIRFOIL 
[By equation (65), fig. 13, reference 7] 











• Critical Mach number 


Method 


t/h 


c/h 


to 
h2 


12-percent- 
thiok air- 


24 -per cent - 
thick air- 








foil 


foil 


First-order 


0.06 


0.5 


0.03 


0.74 


0.63 


image cor- 


.12 


1.0 


.12 


.75 


.63 


rection 


.18 


1.5 


.27 


.76 


.65 




.24 


2.0 


.48 


.78 


.65 


Second-order 


0.12 


0.5 


0.06 


0.74 


0.62 


Image cor- 


.24 


1.0 


.24 


.74 


.61 


rection 


.36 


1.5 


.54 


.75 


.62 




.48 


2.0 


.96 


.79 


.68 


Conformal-mapping oorrec- 


0.74 


0.62 
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TABLE X. - CONSTANTS USED Iff FIRST- AffD SECOND-ORDER 

IMAGE CORRECTIONS 
(a) Constanta A. used In the first -order correctiona 



00 

3 



c/h 


1 


N. 


12 -percent - 


24-percent- 




thick airfoil 


thiok airfoil 


0 


3.89 


2.24 


.5 


3.93 


2.29 


1.0 


4.06 


2.45 


1.5 


4.18 


2.67 


2.0 


4.30 


2.88 



(b) Constanta Cq uaed In second-order correction, c *= 2 



12 -percent - 
thick airfoil 



24-peroent- 
thick airfoil 



Co 



0.08722 
.05534 

-.02401 
.00455 
.00475 



0.17157 
.07177 

-.06306 
.00158 

-.00224 
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Tunnel wall 




Tunnel wall 




Figure 1.- Representation of symmetrical airfoil in 
two-dimensional tunnel as unstaggered cascade of 
airfoils; only three airfoils of cascade shown* 
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Figure 2.- Airfoil sections for which calculations were made. 
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Figure 5. - Velocity distributions on airfoils by mapping and 
stream-filament theory, c, chord of airfollj h, height of 
tunnelj t, maximum thickness of airfoil. 
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(b) 24-percent-thick airfoil. 
Figure 3. - Concluded. Velocity distributions on airfoils by 
mapping and stream-filament theory, c, chord of airfoil; 
h, height of tunnel; t, maximum thickness of airfoil. 
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(a) Ratio of chord of airfoil to height of tunnel c/h, 0.5. 
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(b) Ratio. of chord of airfoil to height of tunnel c/h, 1.0. 

Figure 4. - Local constriction corrections for 12-percent-thick 

airfoil. 
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(c) Ratio of chord of airfoil to height of tunnel c/h, 1.5. 

Figure 4. - Continued. Local constriction corrections for 
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Figure 4. - Concluded. Local constriction corrections for 
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(b) Ratio of chord of airfoil to height of tunnel c/h, 1.0. 

Figure 5. - Local constriction corrections for 24-pereent-thick 

airfoil. 
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Figure 7. - Constriction oorreotian hy mapping averaged along chord for airfoils of 
12 -percent and 24-percent thickness and a Kaplan section of 10 -percent thickness. 
a, chord of airfoil; h, height of tunnel; t, maximum thickness of airfoil. 



56 



NACA TN No. 1642 




c/h 

(b) As a function of c/h. 



Figure 7. - Continued. Constriotion oorreotion by mapping averaged along ohord for air- 
foils of 12 -percent and 24-percent thictaess and a Saplan section of 10-percent thiok- 
ness. o, chord of airfoil; h, height of tunnel; t, maximum thickness of airfoil. 
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Figure 7. - Concluded. Constriction correction, by napping averaged along chord for air- 
foils of 12 -percent and 24-percent thickness and a Kaplan section of 10-peroent thick- 
ness, c, chord of airfoil; h, height of tunnel; t, maximum thickness of airfoil. 
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order to determine the starting characteristics of a 
commercial 220-pound-thrust rocket engine using crude 
monoethylaniline and other fuels with mixed acid. 

The freezing points and low-temperature fuel-igniting 
properties of fuming nitric acids are. of current interest 
because of a demand to extend the use of these oxidants 
to rockets operating at low temperature. The inter- 
related effects of water, from 0 to 10 percent by weight, 
and nitrogen tetroxide, from 0 to 25 percent by weight, 
in fuming nitric acid were studied with respect to the 
freezing points of the acid and the ignition delays with 
several fuels. Several possible chemical causes for the 
opposing effects of water and nitrogen tetroxide on 
ignition have been proposed. 

Ignition delays of several propellant combinations 
obtained with a modified open-cup apparatus and a 
small-scale rocket engine of approximately 50 pounds 
thrust were compared to study any correlations that 
might exist between the two methods of ignition-delay 
determination. The results were used in determining 
the relative utility of each apparatus. 

The literature pertaining to the preparation, physical 
properties, corrosiveness, thermal stability, constitu- 
tion, and analysis of various nitric acids has been re- 
viewed primarily with respect to their use as rocket 
oxidants. Conflicting data are evaluated and recom- 
mendations for additional experimental work are 
indicated. 

Numerous studies have been made of the vapor 
pressure of essentially pure nitric acid and of the binary 
system, nitric acid-water. Data for the ternary system, 
nitric acid-water-nitrogen dioxide, are for the most 
part lacking. Work was therefore undertaken to pro- 
vide more complete vapor-pressure data for the ternary 
system at physical equilibrium. Mixtures containing 
71 to 97 weight-percent nitric acid, 0 to 20 percent 
nitrogen dioxide, and 0 to 15 percent water were used. 24 

Because the storage of fuming nitric acids presents a 
serious operating problem, means for improving the 
storage properties of this acid were sought. The storage 
properties of fuming nitric acids, with and without 
additives, were studied at a temperature of 170° F in 
closed containers of approximately 100-milliliter capac- 
ity; the containers had aluminum bodies and stainless- 
steel caps. 

Among the storage properties of fuming nitric acid, 
corrosion and decomposition are of foremost concern. 
Additional information concerning the effectiveness of 
fluorides as corrosion inhibitors in fuming nitric acid was 
therefore obtained. It was found that for acids con- 
taining no fluorides, the weight loss of aluminum was 
approximately one-fifth that of stainless steel. Addi- 
tion of 1-percent fluoride ion to the acid reduced the 



weight loss of both metals to practically zero even after 
26 days of exposure to the acid at 170° F. Additional 
information concerning the effect of fluorides on corro- 
sion was obtained by measuring the electrode potentials 
of the metals against a platinum reference electrode. 

Rocket Combustion 

Ignition-delay determinations of several fuels with 
nitric-acid oxidants were made at simulated altitude 
conditions from sea level to 100,000 feet utilizing a 
small-scale rocket engine of approximately 50 pounds 
thrust. Included in the fuels were aniline, hydrazine 
hydrate, furfuryl alcohol, furfuryl mercaptan, turpen- 
tine, and mixtures of triothylamine with mixed xylidines 
and diallylaniline. Red-fuming, white-fuming, and 
anhydrous nitric acids were used with and without 
additives. 

The rocket phenomenon known as screaming often 
causes chamber, injector, or nozzle burnout failures and 
has been observed to increase the specific impulse. 
Rocket-engine screaming is a type of combustion-driven 
oscillation, with frequencies from 1,000 to 10,000 cycles 
per second, and is characterized by an audible wailing 
exhaust sound, by a bluish almost-invisible exhaust jet 
in which the shock positions oscillate (making the shock 
pattern appear fuzzy to the eye) and by increased heat 
transfer to the chamber surfaces. The high-froquenoy 
oscillations have been attributed to a combustion-rein- 
forced pressure wave passing through the chamber and 
reflecting from the chamber surfaces to trigger the 
succeeding combustion surge. The frequency would 
therefore be governed by the velocity of wave propaga- 
tion and the geometry of the chamber. A simplified 
analysis, based on the concept of acoustical resonance, 
has been developed to correlate scream frequencies with 
chamber geometry in terms of experimentally measur- 
able quantities. The derived parameter is substan- 
tially independent of propellant combination or oper- 
ating conditions. 

The application of radiation-measurement techniques 
to the determination of gas temperatures in the flame 
resulting from liquid propellant reactions has recently 
been investigated. Such techniques are desirable in 
rocket combustion and injector design studies because 
they permit the study of conditions in a flame zone 
without disturbing the flow and without the necessity 
of maintaining a probe in the chamber. Radiation- 
temperature measurements were made throughout the 
flame developed within an open-tube combustor using 
liquid oxygen and a heptane-turpentine mixture as the 
reactants. 25 The temperature measurement utilizes, 
carbon radiation from the flame. 



»' See paper by McKeown and Belles listed on p. 78. 



» See paper by Auble and Heldmann listed on p. 70. 
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AIRCRAFT CONSTRUCTION 



Problems associated with the structural integrity of 
aircraft in the subsonic and lower supersonic range are 
many and complex. Aerodynamic heating resulting 
from greater speeds continues to add a host of new 
problems and to complicate those of a long standing 
nature further. The need for increased research in the 
field of aircraft construction is evident. 

The NACA, during the past year, has continued its 
efforts on the important problems associated with 
structural strength, efficiency, loading, flutter, fatigue, 
and materials under normal temperatures. It has also 
developed research tools and techniques for investi- 
gating aircraft under the elevated-temperature condi- 
tions encountered in high-speed flight. Further, it has 
succeeded in defining and exposing new thermal prob- 
lems which future high-speed aircraft will encounter 
and has found solutions to certain of these problems. 

Most of this research has been performed at the 
NACA laboratories with additional assistance provided 
by educational and other nonprofit institutions under 
contract to the NACA. A description of the Commit- 
tee's recent unclassified research in the field of aircraft 
construction is given in the following pages and is 
divided into four sections: (1) Aircraft Structures; 
(2) Aircraft Loads; (3) Vibration and Flutter; and (4) 
Aircraft Structural Materials. 

AIRCRAFT STRUCTURES 

Static Properties 

The use of integrally stiffened skins on aircraft is 
increasing because of the possibilities of saving weight 
and eliminating rivets and bolts. Compared with 
riveted-on stiffeners, integral stiffeners participate more 
fully with the skin in resisting external loads but, 
because of this action, may lead to an undesirable 
coupling of plate distortions for certain proportions and 
loading conditions. The nature of this problem is 
discussed in Technical Note 3646 where the modifica- 
tions to the equations for stress distribution and 
deflection are made to account for the effects of coup- 
ling. Conditions under which the effects of coupling 
are significant are given in this paper. 

Because engineering beam theory fails for deflection 
analysis of thin low-aspect-ratio wings, the development 
of efficient methods of analysis has become a problem. 
A matrix method based on energy principles for obtain- 
ing influence coefficients is presented in Technical Note 
3640. The required matrices may be set directly from 
the data of the wing design. The necessary calcula- 
tions have been arranged to take full advantage of 
automatic computing machines. 

The thick-skin multhveb box beam is representative 
of wings of high-speed aircraft. Experimental data 
and strength analysis of this component are presented 



in Technical Note 3633. The combinations of design 
parameters which lead to minimum structural weight 
for various values of a loading index are given. The 
results are presented in such a manner that the lightest 
weight structure which satisfies wing-stiffness require- 
ments can be found. 

Classical theories of the structural strength and 
stability of plates assnne that the plate deflections 
experienced are small in comparison with the plate 
thickness. In order to evaluate the inaccuracies 
resulting when this assumption is not fulfilled, Colum- 
bia University has developed a nonlinear plate theory 
of motion and solved the equations for certain dynamic 
cases. Underlying assumptions of various plate equa- 
tions have also been studied. The results of this study 
are presented in Technical Note 3578. 

Comparisons between the results of a theory for 
calculating stresses around cutouts in stiffened cylinders 
and the results of experiment are presented in Tech- 
nical Note 3544. The data and the theory were pre- 
viously published and coefficients for use with the 
theory have been calculated and published in Tech- 
nical Note 3460. The theory takes into account the 
bending flexibility of the ring stiffeners. The com- 
parisons show that good agreement is obtained if this 
factor is correctly accounted for. 

New York University has conducted, under NACA 
sponsorship, a critical review of the literature pub- 
lished since 1940 on buckling and failure of plate ele- 
ments. The results of this review, including a com- 
pilation of existing theories and experimental data, are 
presented in Technical Note 3781. A similar review 
has also been made at New York University of the 
existing literature on buckling of composite elements. 
The results of this review are presented in Technical 
Note 3782. During these reviews, general equations 
for the plastic buckling of cylinders were derived. 
These equations were then used to obtain solutions for 
the compressive and torsional buckling of long cylinders 
in the plastic region. These results, as well as com- 
parisons between computed and test data, are presented 
in Technical Note 3726. 

An analysis of the stresses in the plastic range around 
a circular hole in a plate was made both to explore 
means for solving stress problems in the plastic range 
and to obtain the solution of this basic problem. The 
results are presented in Technical Note 3542. Calcula- 
tions were made for four different materials and the 
resulting stress-concentration factors are compared 
with those derived from a previously developed approxi- 
mate formula. 

Dynamic Properties 

The major role that flutter plays in the design of 
high-performance aircraft requires that methods for 
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computing accurate vibration modes and frequencies 
be obtained. In Technical Note 3636, the investiga- 
tion of the usefulness of the substitute-stringer method 
for including the effects of shear lag in the calculation 
of the transverse modes and frequencies of box beams 
is continued. Box beams, the covers of which consist 
of normal-stress-carrying stringers on sheets carrying 
not only shear but also normal stress, are analyzed 
exactly. Frequencies of beams with various numbers 
of stringers, obtained by means of this exact analysis, 
serve to determine the possible accuracy of the fre- 
quencies obtained by the substitute-stringer approach. 
A combined experimental and theoretical investigation 
of the modes and frequencies of a large-scale built-up 
box beam is reported in Technical Note 3618. For 
bending vibrations, frequencies obtained from an 
analysis of a substitute-stringer structure which in- 
cludes the influence of transverse shear deformation 
and shear lag were found to agree very well with those 
obtained experimentally. In the case of torsional 
vibrations, the frequencies obtained from either an 
elementary or a four-flange beam analysis which 
includes the effects of restraint of warping were found 
to be in satisfactory agreement with the experimental 
frequencies. 

The vibration characteristics of hollow thin-walled 
rectangular beams have been investigated to obtain 
insight into the factors affecting the modes and fre- 
quencies of wings. The experimental results from this 
study are presented in Technical Note 3463 and indicate 
that the effect of shear deformation of the cross section 
on the torsional frequencies can be large. Further 
evaluation of this effect has been made and is presented 
in Technical Note 3464. 

Thermal Properties 

Rapid changes in temperature of the surface of an 
aircraft can induce thermal loads in the primary struc- 
ture which may have serious aerodynamic and struc- 
tural consequences. The nature of this problem was 
investigated by subjecting box beams which simulate 
high-speed-wing structure to a high-intensity heat 
source. These tests are reported in Technical Note 
3474. It was found that the internal structure of the 
beams provided enough restraint against expansion of 
the heated skin surfaces to cause severe buckling of the 
skin. Buckling of the shear webs occurred during the 
cooling phase of the test when the temperature of the 
internal structure exceeded that of the skin. Measured 
strains were used to determine distortions and stresses 
which were found to agree with a thermal stress analysis 
of the test conditions. 

One of the most important structural problems 
resulting from aerodynamic heating is the deterioration 
of material properties at elevated temperatures. This 
deterioration of material properties produces loss of 
strength and creep of structures and can lead to weight 



increases that adversely affect the performance of 
high-speed aircraft. A study has been made of the 
strength and creep behavior of aircraft structural 
elements at elevated temperatures to obtain methods 
for predicting structural behavior from material 
characteristics. One of these studies, reported in 
Technical Note 3552, was concerned with the elevated- 
temperature compressive strength and creep lifetime of 
simply supported plates. A similar study on the com- 
pressive strength and creep lifetime of skin-stringer 
panels is reported in Technical Note 3647. Both 
studies indicate that elevated-temperature strength of 
structural elements can be predicted from methods 
available for determining room-temperature strength 
provided that the appropriate stress-strain curve for 
elevated-temperature material is used. Previously 
reported studies of the elevated-temperature buckling 
strength of structural components have indicated 
similar results. The present studies also show that 
creep lifetime of structural elements may be determined 
from methods used to determine structural strength if 
the compressive creep properties of the material are 
substituted for the material stress-strain curve. The 
results make it possible to estimate the effect of creep 
on the weight of structures that are designed to operate 
at elevated temperatures. 

The transient thermal stresses produced by aero- 
dynamic heating of supersonic aircraft depend upon 
the temperature distribution vrithin the structure, 
which, in turn, can be markedly influenced by the ther- 
mal conductivity of any joints present. In order to 
investigate the effects of joint conductivity on the 
thermal stresses in aerodynamically heated skin-stiff ener 
combinations under various aerodynamic conditions, 
a theoretical study was made. In this study an aero- 
dynamic heat-transfer parameter (called the Biot 
number), a joint-conductivity parameter, and geo- 
metrical proportions were varied. The results, pre- 
sented in Technical Note 3699, indicate that increasing 
the joint conductivity beyond a certain value results 
in almost no change in the maximum skin or stiffener 
stresses; but, as the joint conductivity approaches zero, 
the maximum skin and stiffener stresses increase 
appreciably. Increasing the Biot number, an index of 
the rate of transfer of external heat to internal heat, 
can also cause a considerable increase in the maximum 
skin and stiffener stresses. . However, when the Biot 
number is large (high rate of external heating), the 
value of the joint conductivity is relatively unim- 
portant since the structure is heated so fast that there 
is no time for heat to be conducted into the interior of 
the structure; the joint conductivity thus affects the 
thermal stresses most significantly when the external 
heating rate is low. Changing the geometric character- 
istics produces results which are essentially independent 
of the joint conductivity and the Biot number. 

In the design of aircraft structures, where aerody- 
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namic heating is encountered, knowledge of the tem- 
perature distribution within 'the structure is of consid- 
erable importance. Because interior elements of the 
structure are heated by conduction through joints, the 
influence of various joint properties on thermal con- 
ductance has been investigated previously and reported 
by Syracuse University. Before extending this investi- 
gation, Syracuse University explored the influence of 
joint conductance on the transient temperature distri- 
bution in composite aircraft joints. Fabricated speci- 
mens representative of typical skin-stringer cross sec- 
tions, as well as geometrically similar specimens without 
joints, were tested under aerodynamic heating condi- 
tions and the results from the two sets of joints were 
compared. The results, which are presented in Tech- 
nical Note 3824, indicate that, in the practical case, 
joint conductance must be taken into account if tem- 
perature distributions throughout composite structures 
are to be predicted accurately. 

Aircraft structures for high-speed flight must be de- 
signed so that excessive creep deformation and creep 
rupture does not occur during the design lifetime of the 
structure. An understanding of the creep behavior of 
structures is therefore necessary in order to eliminate 
such failures. A previously reported investigation by 
the National Bureau of Standards indicated that creep 
deformations within joints may be responsible for a con- 
siderable portion of the overall deformation of struc- 
tures. However, no correlation was obtained between 
the creep of a riveted joint and the creep of its compo- 
nent materials. This study has now been extended and 
creep-test results of a number of additional joints are 
reported in Technical Note 3842. Methods are pre- 
sented by which the time to rupture, the mode of rup- 
ture, and the deformation of structural joints in creep 
may be predicted. These methods are based upon the 
creep properties of the materials of the joint in tension, 
shear and bearing. 

Aircraft structural elements subjected to long periods 
of heating and compressive loadings can buckle even 
though the applied load is less than the critical load of 
the element at the elevated temperature. This phe- 
nomenon is called creep buckling. Kesearch equipment 
and techniques have been developed at the Polytechnic 
Institute of Brooklyn and are presented in Technical 
Note 3493. Additional creep-buckling tests of 2024T-4 
aluminum alloy columns besides those published in this 
report have been conducted and the results correlated 
with theory. 

The aircraft designer at the present time must deal 
with a multiplicity of materials and material properties 
which vary with temperature. It is essential, therefore, 
that speedy and accurate methods for predicting the 
influence of changes in material properties on structural 
strength be available. Such methods are given in Tech- 
nical Note 3553 and Technical Note 3600 for various 
types of structural components which fail by compres- 
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sive crippling. The methods utilize the concept of 
crippling-strength moduli which are readily calculated 
from the compressive properties of the material in the 
structure. Accuracy of the methods is illustrated with 
experimental data obtained in various materials and 
under different temperature conditions. 

The transient temperature distributions produced by 
aerodynamic heating of thin solid wings induce thermal 
stresses that may effectively reduce the stiffness of the 
wing. This is a new problem that can be a significant 
factor in the aero-elastic behavior of aircraft structures. 
Such reductions in stiffness have been investigated ex- 
perimentally by rapidly heating the edges of a cantilever 
plate. The midplane thermal stresses imposed by the 
nonuniform temperature distribution caused the plate 
to buckle torsionally, increased the deformations of the 
plate under a constant applied torque, and reduced the 
frequency of the first two natural modes of vibration. 
Small-deflection plate theory, employing energy meth- 
ods, predicted the general effects of the thermal stresses 
but became inadequate when plate deflections were 
large. Additional studies have been initiated to investi- 
gate these effects. 

AIRCRAFT LOADS 

Basic Load Distribution 

Extensive flight investigations have been made with 
the X-5 variable-wing-sweep research airplane at 
Mach numbers up to 1.0 to determine the effects on 
the wing and horizontal tail loads of varying the angle 
of wing sweep without modifying the other character- 
istics of the airplane. Up to a Mach number of 0.85, 
the balancing horizontal-tail loads measured in flight 
show a consistent variation as the wing sweep angle is 
increased from 20° to 59° with the greatest down tail 
load occurring at sweep angles of about 36°. The wing 
loads were found to have a nonlinear variation with 
airplane angle of attack and to reflect the changes that 
occurred in the wing characteristics. In another flight 
investigation, pressure measurements over the midspan 
station of the 8-percent-thick wing on the X-l airplane 
in the transonic speed range showed a rearward move- 
ment of the chordwise load center with increasing 
Mach number with a particularly rapid and large 
movement in the Mach number range of 0.82 to 0.88. 
In the Mach number range 0.95 to 1.25 at high normal 
force coefficients, upper surface pressure distributions 
approached a rectangular slope. 

In Technical Note 3476, spanwise lift distributions 
have been calculated for 61 swept wings with various 
aspect and taper ratios and a variety of angle-of-attack 
distributions including flap and aileron deflections. 
The information presented can be used both in the 
analysis of untwisted wings or wings with known twist 
distributions and in aero elastic calculations involving 
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initially unknown twist distributions. The information 
presented in Technical Note 3476 supplements similar 
information previously given in Technical Note .3014 
for unswept wings so that the two papers cover all 
practical plan forms. 

A method for computing the span loads and the 
resulting rolling moments for sideslipping wings of 
arbitrary plan form in incompressible flow is presented 
in Technical Note 3605. The basic method requires 
mechanical differentiation and integration to obtain 
the rolling moment for a wing of arbitrary plan form in 
sideslip when the span load at zero sideslip is known 
The mechanical differentiation and integration can 
be avoided, however, by use of a step-load method 
which is also derived. A comparison of the calculated 
span loads and rolling-moment parameters with avail- 
able experimental data shows good agreement. 

The development of new-type control devices requires 
that structural design data be provided. The effects, 
therefore, on the chordwise pressures and section forces 
and moment coefficients near midspan of deflecting 
various plain spoilers and a flap-type control with and 
without an attached tab on a swept wing have been 
investigated at Mach numbers from 0.60 to 0.93. 

In order to design aircraft one must have a knowledge 
of body effects on the wing spanwise load distribution 
at all speeds. Although methods exist for predicting 
such body effects on sweptback wings at low speeds, 
practically no direct experimental verifications have 
been available. In a recent investigation, detailed 
wing pressure-distribution data that permit the desired 
comparison were obtained. The data, reported in 
Technical Note 3730, indicated that, although previous 
methods did not satisfactorily predict body effects on 
the unflapped uncambered wing, a swept-wing method 
employing 19 spanwise lifting elements and control 
points gave good agreement except when the wing had 
deflected trailing-edge flaps or was cambered and 
twisted. 

Normal-force and normal-pressure distributions for 
an ogive-cylinder body of revolution of fineness ratio 10 
are reported in Technical Note 3716 for a free-stream 
Mach number of 1.98 and an angle-of-attack range 
from 0° to 20°. Comparisons of experimental and 
theoretical normal-force and normal-pressure distri- 
butions indicate that available theoretical methods 
can be used to predict experimental results with good 
accuracy for angles of attack to about only 5°. At 
greater angles of attack, the normal-force distributions 
differ significantly from those calculated in accordance 
with theories which include methods of estimating the 
effects of viscosity on the forces and moments for 
inclined bodies. Analysis of the data shows that these 
differences are, in general, attributable to inadequate 
estimates of the magnitude and distribution of the 
cross forces resulting from flow separation. A correla- 
tion curve for the longitudinal distribution of the 



cross-flow drag coefficient for laminar boundary-layer 
flow has been developed and is based upon the assump- 
tion that the distribution depends primarily upon the 
body shape. It is believed that use of this curve for 
the viscous cross-force contribution in conjunction 
with first-order linear theory for the potential cross 
force provides a satisfactory method for estimating 
normal-force and pitching-moment characteristics for 
similarly shaped bodies with laminar-boundary-layer 
flow. 

In Technical Note 3479, horizontal-tail loads meas- 
ured in gradual and abrupt longitudinal maneuvers on 
two configurations of a four-engine jet bomber arc 
presented. The least-squares procedures were used to 
determine aerodynamic loads from strain-gage measure- 
ments of structural loads. The results are analyzed to 
determine the flight values of the aerodynamio coeffi- 
cients which are important in calculations of horizontal- 
tail loads for comparison with wind-tunnel results. 
The effects of fuselage flexibility on the loads are de- 
termined and some calculations of critical horizontal- 
tail loads beyond the range of the tests are compared 
with the design loads. 

Some indication of the importance of the directional- 
stability characteristics of present-day high-speed air- 
planes with increasing angle of attack and Mach num- 
ber has become apparent from recent wind-tunnel tests. 
An analysis of wind-tunnel data has shown that the 
vorticity shed from the nose of the fuselage and directed 
by the wing to strategic locations in the vicinity of the 
vertical tail markedly affects the load on the vertical 
tail in sideslip at high angles of attack and supersonic 
Mach numbers. For such conditions, the directional 
stability of the airplane may become negative. 

Gust Loads 

The collection of data with NACA VG and VGH 
recorders to determine the magnitude and frequency of 
occurrence of the gusts and gust loads and the operating 
air speeds and altitudes of commercial transport air- 
planes has been continued. The VGH data covering 
about 3,000 hours of operation from two types of four- 
engine transport airplanes currently in use on trans- 
continental and eastern United States routes are pre- 
sented in Technical Notes 3475 and 3483. The analysis 
of these data indicates that the more severe gust loads 
occurred for operations over the eastern portion of the 
United States, a result attributable to the higher operat- 
ing speeds in rough air for these operations. A related 
study of approximately 70,000 hours of VG data from 
six different operations of twin-engine transport air- 
planes over the past eight or nine years, presented in 
Technical Note 3621, indicates that the loads and gusts 
were comparable with those experienced in previous 
operations of the same type of airplane. 

The information available on the spectrum of atmos- 
pheric turbulence is briefly reviewed in Technical Note 
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3540 and a method is presented for converting available 
gust statistics normally given in terms of counts of 
gust peaks into a form appropriate for use in spectral 
calculations. The fundamental quantity for this pur- 
pose appears to be the probability distribution of the 
root-mean-square gust velocity. Estimates of the vari- 
ation of this distribution with altitude and weather 
condition are also derived from available gust statistics. 
A critical problem in connection with the design and oper- 
ation of missiles and airplanes capable of high-speed ver- 
tical flight arises from the loads and motions experienced 
when intense layers of wind shear are encountered. 
As a consequence, data on the magnitude and frequency 
of occurrence of the shear layers at different altitudes 
and seasons were determined from U. S. Weather Bureau 
rawinsonde data and are reported in Technical Note 
3732. These data indicate that maximum shear inten- 
sities of about 120 feet per second per 1,000 feet occur 
at altitudes of about 50,000 feet during the spring and 
winter seasons but occur in relatively thin layers having 
thicknesses not greater than about 3,000 feet. 

A method for obtaining a power spectrum of vertical 
gust velocity over a wide range of wave length has been 
devised and test results are published in Technical 
Note 3702. A spectrum of vertical gust velocity was 
measured at low altitude in clear-air turbulence having 
a root-mean-square intensity of 5 feet per second for 
wave lengths from 10 feet to 60,000 feet. At the higher 
frequencies (short wave lengths), the power spectral 
density varied at a rate which was approximately pre- 
dicted by theory. The spectrum which was obtained 
tended to flatten out for the longest test wave lengths. 
The break frequency which provides an indication of 
the scale of the turbulence occurred at a wave length 
of approximately 6,000 feet. 

Calculated unsteady-lift functions and spanwise lift 
distributions for delta, rectangular, and elliptical wings 
undergoing a sudden change in sinking speed are pre- 
sented in Technical Note 3639. These data indicate 
that the normalized unsteady-lift functions are substan- 
tially independent of the plan form for elliptical, rec- 
tangular, or moderately tapered wings, but for delta 
wings the increase of lift toward the steady-state value 
is much more rapid. The results in this report corrobo- 
rate the results of other investigations which show that 
the rate of growth of lift tends to increase with a de- 
crease in aspect ratio and that spanwise distributions 
of the indicial lift seem to be independent of time for 
rectangular and elliptical wings. In Technical Note 
3748, reciprocal relations for unsteady flow are used to 
calculate total-lift responses of wings to sinusoidal gusts 
and to sinusoidal vertical oscillations. A variety of 
plan forms are considered for incompressible, subsonic 
compressible, sonic, and supersonic flow. A theory is 
presented in Technical Note 3805 for calculating the 
variation with frequency of the lateral-force and yaw- 
ing-moment coefficients due to sinusoidal side gusts 



passing over the profile of a simple fuselage combined 
with a vertical fin. Since slender-body theory is used, 
the results are applicable to both subsooic and super- 
sonic airspeeds, provided the local flow angles between 
the profile and the airstream are small. 

An investigation to determine the gust-alleviation 
capabilities of fixed spoilers and deflectors on a trans- 
port-airplane model incorporating a straight wing is 
reported in Techoical Note 3705. The results indicate 
about equal effectiveness (from 20 to 40 percent) of 
spoilers or deflectors in reducing normal accelerations 
in rough air through reductions in lift-curve slope. 
Both devices were also equally effective in decreasing 
the airspeed through increased drag. In Technical 
Note 3746, the wing and horizontal-tail loads and spar 
strains measured on a twin-engine fight transport air- 
plane, modified by a gust-alleviating device for passen- 
ger comfort, were presented. The results presented are 
an initial analysis of samples of measurements obtained 
in clear-air turbulence with the alleviation system both 
off and on. Although the alleviation system was not 
optimum, the root-mean-square normal acceleratioo. at 
the airplane center of gravity was reduced by 43 per- 
cent and the wing bending strains were reduced, but 
wing-shear strains and horizontal-tail shear and bending 
strains were increased. 

Landing Loads 

In Technical Note 3541, a method is presented for 
statistically deriving contact vertical velocities of air- 
planes from measurements of maximum incremental 
center-of-gravity acceleration at contact. Probability 
curves of derived velocities for a test airplane when 
compared with curves of measured velocities show a 
difference of less than 0.2 foot per second throughout 
the velocity range covered in the investigation. A sta- 
tistical comparison of the landing-impact velocities of 
the first and second wheel to touch ground from about 
350 transport landings is reported in Technical Note 
3610. The comparison indicates that the mean verti- 
cal velocity at the instant of contact was about the 
same for either wheel but that the probability of a 
high value of vertical velocity was somewhat greater 
for the second wheel to touch than for the first. The 
effect of the rolling velocity of the airplanes at the 
instant of initial contact was to increase the vertical 
velocity of impact of the wheel toward which the air- 
plane was rolling regardless of whether it was the first 
or second wheel to touch. There appeared to be no- 
defioite influence of the ratio of landing-gear tread to- 
radius of gyration of the airplanes on the relative ver- 
tical velocities of the first and second wheels to touch, 
as would be expected from theoretical considerations. 

Technical Note 3604 reports results of tests made to 
determine the lateral or cornering force, drag force, 
torsional moment or seff-alining torque, pneumatic cas- 
ter, vertical tire deflection, lateral tire deflection, wheel 
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torsion or yaw angle) rolling radius, relaxation length, 
tire footprint area, and variation of unloaded tire 
radius with inflation pressure for two 26- by 6.6-inch, 
type VTI, 12-ply-rating tires. Data were recorded for 
conditions of rectilinear-yawed rolling over a range of 
inflation pressures and yaw angles at the rated vertical 
load and at twice the rated vertical load. Vibration 
tests were made to determine the dynamic lateral 
elastic characteristics of the tires. During rectilinear- 
yawed rolling, the normal force generally increased 
with increasing yaw angle within the test range, the 
variation of normal force with yaw angle differed for 
the two vertical loads tested, the pneumatic caster was 
a maximum at small yaw angles and tended to decrease 
with increasing yaw angle, and the sliding drag coeffi- 
cient of friction tended to decrease with increasing 
bearing pressure. 

A comprehensive correlation, evaluation, and ex- 
tension of linearized theories for tire motion and wheel 
shimmy has been made and is reported in Technical 
Note 3632. It is demonstrated that most of the pre- 
viously published theories represent varying degrees 
of approximation to a summary theory developed 
therein which is a minor modification of the basic 
theory of Von Schlippe and Dietrich. In most cases 
where strong differences exist between the previously 
published theories and the summary theory, the pre- 
viously published theories are shown to possess certain 
deficiencies. Comparison of the existing experimental 
data with the predictions of the summary theory pro- 
vides a fair substantiation. Some discrepancies exist 
however, which may be due to tire hysteresis effects or 
other unknown influences. 

Theory indicates a sharp increase in the hydro- 
dynamic load as the dead-rise angle approaches zero. 
There have been, however, few experimental data 
available for verifying the loads predicted by theory for 
angles of dead rise below 20°. Results of a brief inves- 
tigation of the loads in smooth water for 10° angle of 
dead rise are reported in Technical Note 3608 and are 
compared with theory for immersed hydrodynamic 
impact of nonchine bodies. The trend of the experi- 
mental variation of load-factor coefficient, draft co- 
efficient, time coefficient and velocity ratio is in good 
agreement with the theoretical variation. 

Technical Note 3619 presents data showing the 
effect of horizontal restraint of carriage mass in experi- 
mental testing faculties upon the general theoretical 
equations of motion for the prismatic body during a 
hydrodynamic impact. The data indicate that the 
carriage mass has little effect for the low trims, since 
at this condition the resisting water force has only a 
small component in the horizontal direction, but for 
the higher trims the effect is appreciable. For the 
more usual seaplane-design conditions, that is, approach 
parameters larger than 1.0 and trims up to 15°, the 



maximum correction for any of the coefficients is 10 
percent or less. 

Research Techniques 

It is frequently desirable to predict the loads that 
would be experienced with more hazardous control 
motions or flight conditions than those for which test 
data exist. Accordingly, considerable effort has been 
expended in developing and comparing various methods 
by which such predictions can be made. Fourier and 
Laplace transforms and -the type of analyses used in 
studies of servomechanisms have been used extensively 
in this development. It appears from the work ac- 
complished that the concept and use of a unit impulse 
as a research technique has considerable merit. Simple 
and rapid methods for determining the time response to 
a unit impulse from frequency-response data and for 
evaluating the Fourier transform as a function of time 
have been derived and are presented in Technical 
Note 3598. These methods are applicable to linear 
functions for which Fourier transforms exist, which is 
usually the case in the treatment of airplane maneuvers. 
In Technical Note 370-1, the method developed in 
Technical Note 3598 is compared with several other 
methods of obtaining the time response of linear sys- 
tems to either a unit impulse or to an arbitrary input 
from frequency-response data. The comparisons in- 
dicate that most methods gave good accuracy when 
applied to a second-order system; the main difference 
is in the computing time. In general, the method of 
Technical Note 3598 was advantageous in all respects, 
since it was more accurate and required less time. 

VIBRATION AND FLUTTER 

Flutter 

The sonic and supersonic speeds of modern aircraft 
plus their use of relatively flexible thin wings and 
stabilizers have caused flutter to assume a more im- 
portant role in aircraft design. In addition to research 
on the flutter characteristics of typical aircraft con- 
figurations, research is also being carried out to under- 
stand better the aerodynamic, structural, and inertia! 
considerations inherent in flutter. 

On the basis of an analysis of a large quantity of 
flutter data taken from subsonic, transonic, and super- 
sonic wind tunnels and from rocket- and bomb-drop 
tests for a wide variety of wing plan forms, a criterion 
was derived which permits a rapid estimate of the 
probability of flutter for lifting surfaces. This criterion 
groups the significant parameters into simple geometric 
dimensions and structural properties. Another simple 
criterion was developed for stall flutter. 

A number of swept wings having systematic varia- 
tions in plan form and structural characteristics have 
been flutter tested in transonic and supersonic wind 
tunnels to establish the effect of various parameters 
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on nutter and to serve as a basis for evaluating ana- 
lytical procedures. Because of the large number of 
parameters involved, this is a large test program and 
is still underway. 

An alternative to the testing of a systematic series of 
wind-tunnel models in order to establish the influence 
on flutter of elastic and inertial structural characteristics 
is to employ an analog computer whose electrical 
elemonts and behavior approximate the elements and 
dynamic behavior of the structure. Such an analog 
study has been carried out at the California Institute 
of Technology and is discussed in Technical Note 3780. 
Four wings representative of those of current aircraft 
were considered and the effects of changes in bending 
and torsional stiffnesses, mass distribution and angle of 
sweep on the flutter characteristics were determined. 
A sufficient number of cases were treated to establish 
the trend over a sizeable range for each parameter. 

As reported in the Forty-First Annual Report, 1955, 
a theoretical study of the flutter of two-dimensional 
panels was reported in Technical Note 3465. More 
recently, flutter of panels mounted on the wall of a 
supersonic wind tunnel was obtained at a Mach num- 
ber of 1.3. It was found that, at the flow conditions of 
these tests, increasing the tensile forces in the panel 
was effective in eliminating flutter, as was shortening 
the panels or increasing their bending stiffness. No 
apparent systematic trends in the flutter modes or 
frequencies could be observed, and it is significant that 
the panel flutter sometimes involved higher modes and 
frequencies. ' The presence of a pressure differential 
between the two surfaces of a panel was observed to 
have a stabilizing effect. Initially buckled panels were 
more susceptible to flutter than panels without buckling. 
Buckled panels with all four edges clamped were less 
liable to flutter than buckled panels clamped only on 
the front and rear edges. 

In Technical Note 3638, a preb'minary theoretical 
investigation of the panel flutter and divergence of 
infinitely long, unstiffened and ring-stiffened, thin- 
walled, circular cylinders is described. Linearized 
unsteady potential-flow theory was utilized in con- 
junction with Donnell's cylinder theory to obtain 
equilibrium equations for panel flutter. Where neces- 
sary, a simplified version of Flugge's cylinder theory 
was used to obtain greater accuracy. By applying 
Nyquist diagram techniques, analytical criteria for the 
location of stability boundaries were derived. This 
report also includes a limited number of computed 
results. 

One of the most troublesome types of flutter is that 
involving oscillations of a control surface at transonic 
speeds, commonly referred to as buzz. In Technical 
Note 3687, results of wind-tunnel tests of three wing 
models are presented and it is shown that a large range 
of change in density of the test medium had little effect 
on the initial magnitude and initial Mach number of 



buzz. The buzz frequency decreased somewhat with 
decrease in density. The Mach number corresponding 
to the onset of buzz decreased as the wing angle of 
attack was increased. Mass balance and changes in 
spring stiffness changed only the oscillation frequency. 
The test results indicated that placing the aileron at 
the wing tip delayed the onset of buzz to higher Mach 
numbers. A comparison of the experimental results 
with two published empirical analyses showed only 
qualitative agreement. 

Designers of thin aircraft wings must consider the 
possibility of wing torsion flutter at high angles of 
attack, which is referred to as stall flutter. The results 
of an exploratory, analytical, and experimental study 
of some of the factors which might be of importance in 
the stall-flutter characteristics of thin wings are pre- 
presented in Technical Note 3622. The factors con- 
sidered were Mach number, Reynolds number, density, 
aspect ratio, sweepback, structural damping, location 
of the torsion node fine, and presence of concentrated 
tip weights. The importance of aerodynamic torsional 
damping on the stall flutter of thin wings was demon- 
strated by comparison of the regions of negative 
torsional damping measured on a spring-mounted model 
with the regions of flutter. The results of a series of 
experiments on a thin wing tested at various spans 
indicated that compressibility alters the stall-flutter 
characteristics and that these effects depend upon 
aspect ratio. A brief study of the inertia effects of con- 
centrated weights at the tip indicated that such effects 
can be important. An approximate analysis is pre- 
sented for such configurations. 

Aerodynamics of Flutter 

It has been demonstrated that generalized forces for a 
harmonically oscillating wing in pure supersonic flow 
may be expressed in terms of certain integrals commonly 
referred to as fx functions. These functions have been 
tabulated on a large computer for a wide range of param- 
eters important to flutter and the tabulated results are 
presented in Technical Note 3606. 

A fundamental study of the aerodynamic forces on an 
oscillating wing is presented in Technical Note 3643. 
This report presents the magnitude and phase angle of 
the components of normal force and pitching moment 
acting on an airfoil oscillating in pitch about the mid- 
chord at both high and low mean angles of attack and 
for Mach numbers of 0.35 and 0.70. The magnitudes 
of normal-force and pitching-moment coefficients were 
much higher at high mean angles of attack than at low 
angles of attack for some conditions. Large regions of 
angle of attack and reduced frequency were found 
wherein one-degree-of -freedom torsion flutter is possible. 
It was shown that the effect of increasing the Mach 
number from 0.35 to 0.70 was to decrease the initial 
angle of attack at which unstable damping occurred. 
In addition, the aerodynamic damping in essentially the 
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first bending mode was measured for two finite-span, 
3- and 10-percent-thick wings for a range of mean 
angles of attack and reduced frequencies. No regions 
of negative damping were found for this motion, and it 
was found that the damping measured at high angles of 
attack was generally larger than that at low angles 
of attack 

An experimental study of the lift and moment about 
the quarter chord of an oscillating wing at high subsonic 
Mach numbers is presented in Technical Note 3686. 
A comparison of the experimental magnitude of the lift 
vector with the theory as given by Dietze showed good 
agreement. Comparisons with theory of the moments 
and the out-of-phase component of lift indicated that 
some refinements in the testing technique are necessary 
for the experimental determination of these quantities 
in the transonic speed range. 

An experimental wind-tunnel investigation was car- 
ried out of the forces, moments, and phase angles on a 
two-dimensional wing equipped with an oscillating 
circular-arc spoiler. Schlieren photographs were ob- 
tained which showed the flow over and behind the 
spoiler while it was osculating. The forces and mo- 
ments on the wing were obtained from instantaneous 
pressure-distribution measurements. The results indi- 
cated that the effects of Reynolds number on the nor- 
mal-force and moment coefficients and their phase 
angles were very small and somewhat erratic. An 
increase in Mach number increased the normal-force 
coefficient and had no consistent effect on the moment 
coefficient, while the phase lag of both the normal force 
and moment decreased. There was little effect of re- 
duced frequency on the normal-force coefficient; how- 
ever, increasing the reduced frequency produced an 
essentially linear increase in the phase lag of the normal 
force. 

Buffeting 

Several studies have been made of the available 
transonic Mach number data on wing dropping, low- 
lift buffeting, buffet boundaries, and changes in the 
angle of zero lift for symmetrical airfoils and various 
airplane configurations. These phenomena are indi- 
cated to be allied and are probably the result of shock- 
induced separated flow. It was found that unswept 
wings which have airfoil sections 9 percent thick or 
thicker are susceptible to wing dropping at transonic 
speeds. "Wing dropping may occur even for thin wings, 
however, if the airfoil contour is not fair. Sweepback 
only partially relieves the wing dropping and buffeting 
problem for thick wings. The studies have also indi- 
cated that there are combinations of airfoil-thickness 
ratio, aspect ratio, and sweep angle which may allow 
flight through the transonic speed range without either 
wing dropping or buffeting at low lift. Decreases in 
aspect ratio and thickness ratio and increases in sweep- 
back all tend to alleviate high-speed buffeting. Low- 



lift buffeting, however, may be induced by the inter- 
ference effects of thin intersecting surfaces such as a 
tail arrangement in which the horizontal tail is mounted 
above the fuselage on the vertical tail. Such a tail 
arrangement may also be partially responsible for large 
transonic trim changes and may exhibit an increase in 
drag over that for a comparable tail arrangement where 
the horizontal tail is mounted on the fuselage. 

An analysis of some statistical properties of the buffet 
loads measured on the unswept wing and tail of a fighter 
airplane has indicated that buffeting can be considered 
as a random process. Buffet loads measured on the 
wing and tail in both the stall and shock regimes indi- 
cated that the wing loads in buffeting can be treated 
as the response of a simple elastic system to a random 
input. The wing buffet loads were normally distributed 
and the probability that a peak load would exceed a 
given level was in agreement with theoretical results. 
There was evidence that the tail buffet loads were not 
normally distributed as the wing loads but appeared 
to represent a more complicated process. The spectrum 
of the wing-root shear indicated that the buffet loads 
were primarily associated with response in first sym- 
metrical bending. The spectrum for the tail-root shear 
indicated that the tail buffet loads were associated with 
the fuselage-torsion or tail-rocking mode. This study 
was reported in Technical Note 3733. 

AIRCRAFT STRUCTURAL MATERIALS 

Structural Materials at High Temperatures 

Aerodynamic heating continues to be the source of 
the most perplexing and urgent problems in the field 
of aircraft structural materials. This is true in extreme 
cases such as long-range ballistic missiles where the 
severity of the requirements will clearly necessitate the 
development of new kinds of structural materials and 
new kinds of test facilities. In addition, it is true for 
less severe applications such as manned airplanes, where 
the effects of high temperatures on the common engi- 
neering properties of existing materials are so inade- 
quately known that the designer lacks the handbook 
data he needs to arrive at an efficient, yet safe, design. 
In effect, heat has introduced a new dimension in all 
material problems; strain-rate effects, changes in mod- 
ulus, creep, stress rupture, thermal stress, thermal 
conductivity, and many other temperature-linked char- 
acteristics, which heretofore could be ignored, Avill have 
to be taken into consideration in the future. Some of 
these problems are under attack on several fronts. 

The tensile properties of a number of structural ma- 
terials under rapid-heating conditions were determined 
by means of a new type of test (a so-called rapid-heating 
test) in which the material is first loaded and then 
heated at various heating rates until yield and failure 
occur. Sheet materials used in this investigation in- 
cluded 7075-T6 and 2024-T3 aluminum alloys (Tech- 
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nical Note 3462, reported in the Forty-first, 1955, An- 
nual Report), Inconel and RS-120 titanium alloy (Tech- 
nical Note 373 1) , HK3 1XA-H24 magnesium alloy (Tech- 
nical Note 3742), and AZ31A-0 magnesium alloy (Tech- 
nical Note 3752). In these tests, heating rates have 
been varied from 0.2° to 100°F per second. At the 
higher heating rates, the materials were found to be 
stronger, in general, than under constant-temperature 
conditions when loaded at a strain rate of 0.002 per 
minute. In most cases, yield stress, rupture stress, and 
temperature have been found to be correlated by means 
of a temperature-rate parameter. Some of the ma- 
terials, such as the new high-temperature magnesium 
alloy HK31XA-H24, exhibited a marked increase in 
strength at high heating rates in the high-temperature 
region. Other materials, such as 2024-T3 aluminum 
alloy and RS-120 titanium alloy, behaved in a very 
complicated manner under rapid heating. 

In an investigation, conducted at the University of 
Alabama under NACA sponsorship , the fatigue strengths 
at 10 milli on cycles of two of the more promising tita- 
nium alloys, 3Mn Complex and 3Al-5Cr, were deter- 
mined at 200°, 400°, 600°, 800°, and 1,000°F. Data of 
this sort are needed for the evaluation of these new 
alloys of titanium before the role they can play in the 
solution of some phases of the high-temperature prob- 
lem can be predicted. 

The use of thermal insulation on the surface of struc- 
tural materials is one of several possible methods of 
defeating the adverse effects of aerodynamically gener- 
ated heat. However, there are many fundamental and 
technological difficulties, such as the realization of ade- 
quate strength of the coating-to-metal bond, which 
stand in the way of achieving practicable coatings. 
Results of an investigation conducted at the National 
Bureau of Standards and reported in Technical Note 
3679 show that copper ions in the coating have the 
effect of producing a significant increase in the adhesion 
between the coating and the surface of stainless steel. 

Laminates of nonmetallic materials possess charac- 
teristics which uniquely suit them for use in certain 
components of aircraft. The rate of deterioration of 
their mechanical properties with temperature, however, 
is a deterrent to their use in very fast aircraft. Future 
progress demands that improved materials be developed 
and further test data be obtained to enable the designer 
to gage the range of applicability of existing laminates. 
In an investigation conducted at the University of 
Illinois and reported in Technical Note 3414 the static- 
tension, static-compression, tension-creep, and time-to- 
fracture characteristics of melamine-resin glass-fabric 
laminates and silicone-resin glass-fabric laminates at 
temperatures up to 600°F were determined. In the 
analysis of the creep data an equation based on the 
activation-energy theory, which describes the effects of 
stress, time, and temperature is reported. 



Fatigue 

Failure by fatigue has always been and still is a 
potential hazard in aircraft structures and is therefore an 
important subject for research. Although steady and 
significant progress has been made in understanding the 
phenomena of fatigue and in designing structures that 
will incorporate characteristics that both lessen the 
likelihood of fatigue cracks and preserve the integrity of 
the structure when a crack does develop, there are still 
many aspects of the fatigue problem that require solu- 
tion. Among these is the stress-concentration effect of 
geometrical discontinuities on fatigue properties of air- 
craft structural materials. Technical Note 3631 pre- 
sents the results of axial-load fatigue tests on 2024-T3 
and 7075-T6 aluminum-alloy sheet specimens with 
central holes. Specimens with various combinations of 
hole diameters and widths were tested to provide data 
suitable for study of the geometrical size effect. 

In Technical Note 3293, which reports an investiga- 
tion conducted at the National Bureau of Standards, 
the results of cumulative-damage tests of 7075S-T6 and 
2024S-T3 aluminum-alloy sheets under various loading 
conditions are given. The cumulative damage ratio, 
which should be unity if the theory were absolutely 
correct, was found to vary from 0.568 to 1.440; however, 
40 percent of the cumulative damage ratios were within 
10 percent of unity. 

At the University of California, a study (Technical 
Note 3495) was made of fatigue under combined re- 
peated stresses with superimposed static stress. A 
comprehensive critical review of the literature where 
such tests were reported was made. In addition, tests 
were performed to determine the effects of static com- 
pression on alternating torsion, which was the only 
combination that had received no previous attention. 
The results were compared with the predictions of 
theory. It was shown that the Orowan theory of the 
effects of combined stress and cyclic stress on fatigue 
can be modified to predict the observed test results. 

In an investigation conducted at the Battelle Me- 
morial Institute, effects of notch severity on the initiation 
and propagation of fatigue cracks in )i- and 2-inch- 
diameter notched bars were determined in rotating 
bending fatigue tests. These bars consisted of 2024S- 
T4 aluminum alloy with stress concentration factors of 
5.2 and 13.9. The results reported in Technical Note 
3685 indicate that cracks initiate in severely notched 
bars earlier than in unnotched or mildly notched 
bars. Discernible cracks occurred at 1,000 cycles at 
stress levels that would result in failure at 200,000 to 
1,700,000 cycles. Differences in results of the tests of 
the Yi- and 2-inch-diameter bars indicated a size effect, 
which was attributed to residual stresses in the larger 
bars. 

Fatigue stressing and the accumulation of damage 
have effects on the internal friction of metals and alloys. 
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Internal friction measurements are therefore useful in 
the study of the fundamentals of fatigue. In an inves- 
tigation conducted at the California Institute of Tech- 
nology and reported in Technical Note 3755, a corre- 
lation of internal friction and torsional fatigue was 
made at various temperatures. The results indicated 
the existence of a critical .temperature at which fatigue 
life reached a TnininrmTn , and the effect of this tempera- 
ture on internal friction was found to be substantial. 
In addition, the recovery of internal friction during 
periods of rest after fatigue stressing was observed. 
This recovery was found to be dependent on both 
stress level and temperature. Attempts were made to 
rationalize the relationship between the changes in the 
characteristics of internal friction and the inadequately 
understood phenomena of damage, recovery, and coax- 
ing in fatigue. 

Plastic Behavior of Metals 

An understanding of the plasticity of metals is essen- 
tial to the understanding of strength, ductility, resist- 
ance to brittle fracture, workability, and other proper- 
ties of metals which account for their usefulness as 
aircraft structural materials. The NACA is conducting 
research in various areas of this field. 

Technical Note 3681 reports results of an investiga- 
tion conducted at the Battelle Memorial Institute on the 
plastic behavior of binary aluminum alloys by internal- 
friction methods. Effects of strain rate, amount of 
strain, heat treatment, temperature, and cyclic fre- 
quency on internal friction were determined, and the 
results were analyzed and rationalized in the framework 
of the dislocation theory of plasticity. 

During plastic deformation of materials, distortions 
occur which are not predictable by the usual assumption 
of isotropy. Errors in strain of 50 percent and more 
resulting from anisotropy in the plastic range would 

OPERATING 

During the past year, the NACA has continued to 
conduct research on various problems that are associ- 
ated with the operation of today's modern high-speed 
aircraft. It is recognized that as the performance of 
the nation's aircraft is increased new problems are 
encountered and some old problems become more im- 
portant in the day-to-day operation of these aircraft. 
Some of the most important current problems include 
the effect of aircraft noise on aircraft and people; 
atmospheric effects such as icing, turbulence, lightning, 
temperature, and density; and flight safety, which in- 
cludes crash fire, survival, aircraft braking, visibility, 
engine reliability, foreign-object damage, and other 
problems. Working with the NACA Committee on 
Operating Problems are the Subcommittee on Aircraft 
Noise, the Subcommittee on Meteorology Problems, 
the Subcommittee on Icing Problems, and the Subcom- 
mittee on Flight Safety. 



not be uncommon for some of the materials used in 
aircraft construction. A series of tests, described in 
Technical Note 3736, are utilized to establish semi- 
empirical relationships between Poisson's ratio and 
the properties of the materials as shown by their stress- 
strain curves. The tests also show that there is no 
permanent change in volume of the metals tested after 
stressing into the plastic range. 

In an investigation conducted at Battelle Memorial 
Institute and reported in Technical Note 3728, the 
structure of slip lines developed in single crystals of 
aluminum at various stages during tensile deformation 
were examined in an electron microscope. On the 
basis of experimental results from this work and others 
from the literature, a mechanism for slip-band forma- 
tion based on dislocation theory was formulated. The 
possible effects of short-range ordering on deformation 
modes are discussed. 

Non-Metallic Materials 

Cotton fabric-phenolic laminates are useful struc- 
tural materials for aircraft, but the knowledge of the 
effects of processing and manufacturing variables on 
their properties is inadequate. In an investigation 
conducted at the National Bureau of Standards and 
reported in Technical Note 2825, tests were conducted 
to determine strength properties of (1) several untreated 
commercial cotton fabric-phenolic sheet laminates, (2) 
the same materials after exposure to typical postform- 
ing heating cycles, (3) industrially postformed shapes 
made from one of these materials, (4) industrially-made 
and laboratory-molded shapes, and (5) flat patiols post- 
formed from the laboratory-molded shapes. It was 
shown that molding of phenolic laminates may or may 
not affect the strength, depending on the fabrication 
techniques used. 

PROBLEMS 

The effects of tho intense noise from modern aircraft 
and missiles present one of the most serious problems 
which faces the civil and military aircraft operators 
today. This problem offers a great challenge to our 
technical ability to find a satisfactory solution. The 
NACA with the advice and active help of the Subcom- 
mittee on Aircraft Noise has expanded its research on 
noise with particular emphasis on understanding the 
mechanisms of noise production and noise suppression. 
The scope of the last several meetings of this Sub- 
committee has been expanded to be, in effect, limited 
conferences on aircraft noise and have had international 
participation. These meetings were arranged to pro- 
vide a free and comprehensive discussion of the noise 
problems and research efforts of various groups active 
in this field. The results of such meetings have been 
profitable: A cooperative effort to utilize the intellectual 
resources and research facilities of all concerned with 
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aircraft noise is essential to the solution of the noise 
problem. 

As part of the constant NACA effort to summarize, 
discuss, and present recent NACA research results so 
that industry can best use these results for practical 
aircraft applications, technical conferences are held 
when appropriate for representatives of pertinent seg- 
ments of the aircraft industry. On April 17, 1956, the 
NACA Conference on Airplane Crash-Impact Loads, 
Crash Injuries, and Principles of Seat Design for Crash 
Worthiness was held at the Lewis Flight Propulsion 
Laboratory. The NACA summarized the results of 
several years' work in the field of crash survival and 
proposed design criteria which, if applied, could im- 
prove aircraft seat desigri for crash survival. Civil and 
Military aircraft operators, manufacturers, and seat 
manufacturers now have the material presented at this 
conference as a guide for seat design. This material 
for the first time includes experimental data from actual 
dynamic-crash-load studies utilizing actual full-scale 
cargo, transport, and fighter-type aircraft. 

A Summary of results of most of the recent unclassi- 
fied investigations on operating problems is presented 
in the following paragraphs. 

AIRCRAFT NOISE 

The noises produced by current aircraft and missile 
power plants have increased to such intense levels that 
they affect the integrity of aircraft and missile struc- 
tures, equipment, and control systems as well as pre- 
sent serious bioacoustic, efficiency, and annoyance prob- 
lems for persons exposed to the noises. The effect of 
noises and related vibrations must now be considered as 
one of the principal elements of aircraft or missile 
design, and a specific NACA research program is 
directed toward obtaining full understanding and con- 
trol of the production and effects of high-intensity 
noises. 

While the noises produced by jet exhausts remain of 
primary concern to the NACA, research is also being 
conducted on boundary-layer and propeller noise, on 
the effects of noise on structures, and on propagation of 
noise through the atmosphere. 

Jet Noise 

NACA research has established that jet noise is 
produced by the turbulent mixing of the jet exhaust 
with the surrounding air; consequently, detailed in- 
vestigations of the mixing phenomena are under way. 
One phase of this study consisted of measuring the 
turbulence in a subsonic jet by use of a hot-wire ane- 
mometer. The results are described in Technical 
Note 3561. 

The studies begun last year of devices for altering the 
jet exhaust flow and thereby reducing jet noise are con- 
tinuing. Tests on toothed and ejector nozzles are 
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described in Technical Notes 3516 and 3573. Tests of 
the use of square, rectangular, and elliptical nozzles for 
subsonic jets, as reported in Technical Note 3590, showed 
that simple changes in jet-nozzle shape had very little 
effect on noise generation. It is shown in that report, 
however, that if the exiting flow is supersonic, a con- 
vergent-divergent nozzle operating near its design point 
will produce less noise than an ordinary convergent 
nozzle. 

With the data presented in Technical Note 3591 for 
an investigation of the scaling parameters between 
various jet engines and model jets, it is possible to 
estimate the far noise field of a jet engine from its flow 
characteristics. Detailed data are also presented in 
that report for the noise field around a modern jet 
engine operating under static conditions with and with- 
out afterburner. 

A method for limiting the noise received on the 
ground during takeoff of a jet aircraft is to control the 
operational techniques. A study of the effects of var- 
ious climbing procedures, reported in Technical Note 
3582, showed that lowest effective noise levels over the 
largest ground area will be obtained when the aircraft is 
climbing on the steepest flight path consistent with 
minimum safe airspeed. 

Boundary Layer Noise 

In addition to the noise problems caused by a jet 
exhaust, serious problems result from the noise produced 
by the boundary layer flow over the surface of the fuse- 
lage and wings. Preliminary flight tests have been 
made to determine the surface pressure fluctuations 
caused by a turbulont boundary layer. The relation of 
boundary-layer noise to Reynolds number, velocity, 
and altitude has been studied and further work is being 
done on flight at high subsonic velocities. 

A study by the California Institute of Technology of 
subsonic and supersonic flow of air past rectangular 
cavities cut into a flat surface indicated that the 
cavities would emit a strong acoustic radiation. From 
that work as reported in Technical Note 3487 and the 
above NACA flight tests it appears that noise consider- 
ations may be a primary factor in establishing the 
limits for such items as surface finish and size and shape 
of surface cutouts or protuberances for high-speed 
aircraft. 

As a part of its work on aerodynamic noises under 
NACA sponsorship, the California Institute of Tech- 
nology developed an instrument of fairly simple design 
for measuring time correlation functions of two sta- 
tionary random-input signals. The device and its use 
in determining auto-correlation functions are discussed 
in Technical Note 3682. 

Propeller Noise 

Instrumentation suitable for making flight measure- 
ments of the free-space sound pressures in the immedi- 
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ate vicinity of a propeller in forward flight has been 
developed and successfully used on a fighter airplane up 
to a Mach number of 0.72. The sensing element is a 
capacity microphone housed in a streamlined probe and 
used in conjunction with an oscillator to convert the 
pressure pulses into a frequency-modulated signal which 
is telemetered to the ground. At the ground receiving 
station, the telemetered signal is detected and recorded 
on magnetic tape. Subsequently, the recorded signal 
is converted to a varying voltage which is fed into a 
heterodyne frequency analyzer. This instrumentation 
is reported in Technical Note 3534. 

Effects of Noise on Structures 

NACA research is continuing on the problems of 
designing and constructing structures that will be 
suitable for use in the intense-noise-pressure fields near 
propellers and jets. The response of various structural 
systems to acoustic inputs, the stresses encountered 
in the sj^stems, the fatigue characteristics of the systems, 
and the effects of insulation and damping on the struc- 
ture are all under study. Stress data has been obtained 
for panels exposed to discrete and random noise levels 
of over 160 decibels. The fatigue life of panels was 
noted to decrease markedly for further nominal in- 
creases in the noise intensity level. 28 27 

Attenuation of Noise 

The NACA has continued its sponsorship of research 
at the Massachusetts Institute of Technology to deter- 
rnine the effects of terrain and atmospheric conditions 
on the attenuation of noise. A theoretical and 
experimental investigation of the sound field about a 
point source over a plane boundary in the presence of a 
vertical temperature gradient is reported in Technical 
Note 3494. Methods are presented for analyzing the 
effects of temperature gradients on the attenuation of 
sound in the shadow zone of a sound field. A further 
study has produced a semiempirical method for the 
calculation of a sound field about a source over ground. 
This study considered the effects of vertical temperature 
as well as wind gradients and the scattering of sound by 
turbulence into the shadow zone (Technical Note 3779). 

A theoretical study of the sound field from a random 
noise source above ground as measured by a receiver 
with finite band width is presented in Technical Note 
3557. It is shown that the far sound field still contains 
two major regions so far as attenuation over ground is 
concerned. In the first region, the sound pressure level 
decreases approximately 6 decibels per doubling of 
distance. In the second region, however, beyond a 
certain distance from the source, the level decreases 
monotonically 12 decibels per doubling of distance. 



M See Hegjer paper listed on p. 78. 

» See Losslter, Hess, and Hubbard paper listed on p. 78. 



FLIGHT SAFETY 

During this second year of its existence the NACA 
Subcommittee on Might Safety has not only monitored 
research into problems directly related to safety, such 
as fire, ditching, engine reliability, crash loads, and 
crash survival, but also studied results of research in 
other specialized fields so that they could be channeled 
directly to aircraft designers and operators through 
their safety organizations for immediate consideration. 
The following information shows the results of varied 
research projects that are significant for particular 
phases of aircraft operation which are considered to 
be most important from a safety standpoint. 

Landing Problems 

Operating statistics indicate that the landing phase 
of flight is most important from the standpoint of 
safety. There is much to be learned about the many 
facets of the landing problem. The NACA is actively 
studying many parts of the problem and has during the 
past year reported the results obtained with respect 
to landing loads, landing statistics, runway roughaess 
and aircraft braking. In addition, the NACA has 
given wide distribution to the results obtained by other 
organizations investigating specific phases of the prob- 
lem, namely nose-wheel shimmy (Technical Memo- 
randum 1391) and friction of aircraft tires (Technical 
Note 3294). In the first of these two reports, general 
concepts regarding the effects of the condition of the 
tire, the type of rolling motion, and the loading are 
discussed. In Technical Note 3294, the results of 
a systematic study to determine the effects of tempera- 
ture and normal pressure on frictional resistance be- 
tween tire-tread material and concrete are given. 
Although these data are only a small part of the overall 
problem, they do offer some insight into the problem 
of tire-to-runway friction coefficient problem which is 
being attacked through both experimental flight and 
laboratory studies at the NACA Langley Laboratory. 

In recent years, propeller reversing has boen em- 
ployed very effectively to assist in braking the aircraft 
during the landing roll on modern propeller-drivon 
aircraft. A similar reverse-thrust device for the mod- 
ern jet aircraft would be equally useful and can be 
accomplished by the reversing of the direction of the 
propulsive jet during landing. The NACA has com- 
pleted an experimental investigation in which throe 
types of thrust reversers were studied. Models of a 
target type, a tailpipe cascade type, and a ring cascade 
type were tested and the effects of design variables on 
performance and reversed-flow boundaries were de- 
termined. This work was reported in Technical Note 
3664 and the results indicate that reverse-thrust 
ratios of from 40 to 80 percent could be obtained and 
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that all three types had satisfactory thrust-modulation 
characteristics. Performance and operational studies 
of a full-scale jet engine thrust reverser (Technical 
Note 3665) of the target type utilized on a turbojet 
engine were also conducted. This device was pylon 
mounted under the wing of a cargo airplane to simulate 
a jet transport. The thrust reverser was operated for 
both stationary and taxi conditions, but the airplane 
was not flown. In addition to obtaining the perform- 
ance of the thrust reverser, heat-rise patterns and 
rates resulting from impingement of the reversed hot 
gases on a simulated lower wing were also measured 
during periods of thrust reversal. Keingestion of the 
reversed hot gases into the engine inlet constituted an 
additional operating problem in that the temperature 
levels were raised throughout the engine and the re- 
versed-thrust ratio was reduced. Taxi tests indicated 
that at ground speeds of 62 knots, the free-stream 
velocity was sufficient to prevent the reversed gas 
flow from entering the engine inlet. 

Fire 

The NACA has continued its research with turbojet 
and turboprop types of engines into the problems of 
crash-fire inerting and, in addition, has been studying 
the problems of flight fires in jet aircraft. Effective 
fire-fighting methods are still an important aspect 
of the problem. At the heart of the problem is the 
need for potent fke-extmguishing agents which have 
properties that make them suitable for use on aircraft. 
In Technical Note 3565, the results of a study which 
explains the quenching action of halogenated agents in 
the fire-extmguishing process are given. It is con- 
cluded that the presence of halogen in an agent need 
not reduce its fire-fighting ability provided that there 
is enough halogen to make the agent noninflammable. 
The assumption that halogenated agents act merely 
by chain-breaking reactions with active particles is 
consistent with the experimental facts available and 
will help guide the selection of other halogenated 
agents for further tests of their fire-fighting properties. 

Technical Note 3560 presents the results of an 
investigation conducted at the University of Cincin- 
nati under the sponsorship of the NACA on the spon- 
taneous ignition of lubricants of reduced inflammability. 
In the initial phase of the investigation, the spon- 
taneous-ignition characteristics of approximately 50 
organic compounds were investigated and observa- 
tions were made on the effects of structure on ignition. 
In studying compounds of interest as lubricants, it 
was found that hydrogenated polyisobutylene showed 
remarkable resistance to spontaneous ignition. Ee- 
sults indicate that those esters possessing high auto- 
ignition temperatures have low molecular weights, 
while those having low molecular weights in the lubri- 
cant range show poor resistance to spontaneous ignition. 



Gust Alleviation 

Whenever rough air is encountered in flight, the 
recommended practice is to reduce the speed of the 
airplane to the design speed for maximum gust inten- 
sity. When encountering rough air, the pilot does not 
always have time or advanced warning so that he can 
reduce the airspeed to the design speed. In these 
cases, the distance and maneuvering required to reduce 
speed may have an important bearing on the loads 
imposed on the airframe. Technical Note 3613 pre- 
sents the results of an investigation of the problem 
of reducing the speed of a jet transport in flight. It 
was found that the required distance was much greater 
for a jet transport than for a typical piston-engine 
transport at the same altitude. The distance was also 
found to increase with altitude up to the altitude for 
maximum true airspeed. The increased distance for 
the jet transport was primarily the result of increased 
kinetic energy and to a lesser extent that of lower 
drag coefficients. These results are believed to be 
qualitatively correct for high-speed transport air- 
craft. The use of aerodynamic brakes, thrust re- 
versal, or a climbing maneuver has been shown to be 
effective in reducing the distance required to reach 
the rough-air speed. 

The ability of the human pilot to fly a precision 
course in rough air has been questioned and compared 
with the ability of an airplane autopilot combination 
to do the same task. Although the NACA has not 
studied this question directly, it has conducted theo- 
retical studies involving various types of autopilots 
in an attempt to learn the characteristics of airplane 
response to gusts. The results of two such investiga- 
tions have been published in Technical Notes 3635 
and 3603. The results given in the former report 
indicate that the response to side gusts can be notice- 
ably reduced. In the latter report, when the air- 
plane was flown by various autopilots, the increased 
yaw damping greatly reduced the resonance associated 
with Dutch-roll of the airplane. The addition of an 
autopilot supplied directional stability and roll stability 
and greatly reduced the yaw and roll responses to 
gusts. Autopilots that held side forces to low values 
and provided good course response to command 
signals allowed large roll response to side gusts. 

The NACA has been studying various means of 
increasing the smoothness of flight through rough air, 
both theoretically and experimentally. One of the 
most promising methods utilizes an autocontrol system 
in which the flaps and elevators are operated in accord- 
ance with indications of changes in angle of attack 
to maintain constant lift and zero pitching moment 
of the airplane. A detailed analysis of this system 
and its various refinements is presented in Technical 
Note 3597, mcluding a study of the transient response 
of the airplane for both gust disturbances and longi- 
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tudinal control inputs. The aerodynamic characteris- 
tics necessary for optimum gust alleviation are derived 
and the response of this system is compared with that 
of the basic airplane. In order to study these analyti- 
cal results in flight, an experimental investigation was 
conducted with a light transport airplane whose con- 
trols were modified to the extent necessary to provide 
gust alleviation. The results indicate that the gust 
alleviation system is at least capable of alleviating 
the normal acceleration due to gusts by 50 percent 
at a frequency of 0.6 cycle per second, the natural 
frequency of the airplane, and by 40 percent at a 
frequency of 2 cycles per second. The airplane can 
be controlled adequately when this gust alleviation 
system is operating. 

Other devices that have been proposed for reducing 
the acceleration effects of rough air are spoilers, deflec- 
tors, and spoiler-deflector combinations. These devices 
have been investigated for both swept- and unswept- 
wing models. The results have been reported in 
Technical Note 3705 and it would appear from gust- 
tunnel and wind-tunnel tests that a forward-located 
fixed deflector would be a practical and effective 
alleviator of gust loads on an airplane having unswept 
wings. Preliminary results on a model having a 35°- 
swept-back wing have indicated that deflectors, in order 
to have the same effectiveness as reported for the 
unswept wing model, would have to be located more 
to the rearward on the swept wing and would possibly 
require larger projections if they are to have the same 
effectiveness they had on the unswept-wing airplane. 

Optimum Flight Paths 

The climb of turbojet aircraft, and the effects of 
tangential accelerations, have been analytically deter- 
mined for minimum time of climb, climb with mini- 
mum fuel consumption, and steepest climb. For each 
flight condition, the optimum Mach number was ob- 
tained from the solution of a sixth-order equation whose 
coefficients are functions of two fundamental param- 
eters: the ratio of minimum drag in level flight 
to the thrust and the Mach number which represents 
the flight at constant altitude and maximum lift-drag 
ratio. Diagrams have been prepared for the quick 
calculation of the optimum Mach numbers and the 
effect of acceleration on the rate of climb in tropospheric 
and stratospheric flight. 

Airspeed Measuring Systems 

Accurate determination of Mach number is funda- 
mental to any detailed flight research and is of particular 
importance in the transonic speed range where many 
of the aerodynamic parameters vary markedly with 
Mach number. In order to conduct extensive research 
in this speed range, it was necessary that a suitable 
airspeed system be devised. Accordingly, calibrations 
of four airspeed systems installed in a turbojet fighter 



were determined in flight at Mach numbers up to 1.04 
by the NACA radar-phototheodolite method (Technical 
Note 3526). The results indicate that, of tho systems 
investigated (a nose boom, two different wing-tip 
booms, and a fuselage-mounted service system), the 
nose-boom installation is the most suitable for research 
use at transonic and low supersonic speeds. The 
static-pressure error of the nose-boom system is small 
and constant above a Mach number of 1.03 after pas- 
sage of the fuselage bow shock wave over the airspeed 
head. 

The need for design information to provide rigid 
tubes to measure total head pressures correctly at 
high angles of attack and at high speeds has arisen 
because of the development of airplanes having good 
maneuverability at supersonic speeds. Conventional 
tubes, both rigid and swiveling, are unsatisfactory 
under these conditions. In Technical Note 3641, 
the results of wind-tunnel tests of 54 total-pressure 
tubes have been summarized and data are presented 
on the effects of inclination of the airstream on meas- 
ured pressures at subsonic, transonic, and supersonic 
speeds. These data are in a form which permits a 
more detailed comparison of the effects of pertinent 
design values. 

Spin Hazards and Recovery 

The pilot's loss of orientation during spins, especially 
during unin tentional spins, is a rising problem and has 
apparently led to a number of recent accidents and 
near-accidents with both trainer and fighter aircraft 
during acrobatic maneuvers and after recovery from 
erect spins. In Technical Note 3531, the nature of 
inverted spins, the optimum control technique for 
recovery, and some of the apparent reasons for a pilot's 
loss of orientation are discussed. It is pointed out that 
a pilot in an inverted spin should attempt to orient 
himself with respect to direction of turn by referring 
to the airplane rate-of-turn indicator in order to de- 
termine properly the direction of the yawing component 
of the total spin rotation. Optimum recovery from 
the inverted spin should then be obtainable by rapidly 
reversing the rudder from full with this yawing rotation 
to full against it while the control stick is held full 
forward and laterally neutral and, shortly thereafter, 
the stick should be moved from full forward to full 
back while it is maintained laterally neutral. 

The general policy for recovery from either intentional 
or accidental spins has been to cut off power as soon as 
possible after the spin is initiated, because of possible 
adverse effects. In some instances however, pilots 
have flown out of an otherwise uncontrollable spin by 
application of full power in a propeller-driven airplane. 
Such results from power-on spins may have been due to 
increased effectiveness of the controls in the slipstream. 
For a jet engine, however, the situation is different, and 
unpublished data indicate that thrust alone might bo 
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of little assistance. For both propeller-driven and jet- 
propelled airplanes, spin and spin-recovery character- 
istics may differ for power-on and power-off conditions, 
as well as for power-on spins to the right and to the 
left. These differences may at times have caused 
serious difficulty in recovering from spins in one direc- 
tion, whereas recoveries from spins in the other direc- 
tion could be readily achieved. The differences in 
spins and recoveries may have been due, in part, to the 
gyroscopic moments produced by rotating propellers or 
rotating parts of jet engines. For a jet-propelled air- 
plane, the rotating parts of the engine may continue to 
rotate at nearly full speed for a long time after power is 
cut off. A preliminary investigation has been made 
and reported in Technical Note 3480 to determine the 
gyroscopic effects of jet-engine rotating parts on the 
erect spin and recovery characteristics of a model of a 
military attack airplane. Results indicate that rotat- 
ing parts affected the spin characteristics differently 
depending on the type of mass load distribution and 
the direction of spin. 

Control Device for Personal-Owner-Type Airplanes 

Although most present-day personal-owner-type air- 
planes possess a slight degree of inherent spiral stability 
in cruising flight, they show unstable spiral tendencies 
under operational conditions. The main reasons for 
this apparent spiral instability are a lack of means for 
tr immi ng the airplane laterally and directionally. A 
variation of lateral and directional trim with airspeed 
and control-system friction prevents the control sur- 
faces from returning to trim position after control de- 
flection. The specific problems facing the pilot of a 
personal-owner-type airplane are that of maintaining 
the airplane in wings-level position during times when 
there is no natural horizon reference and that of keeping, 
the airplane from diverging spirally while he may be 
preoccupied with navigational problems. It has been 
demonstrated that the pilot's sense of orientation is 
unreliable in the absence of a visual reference, as may 
be the case when inadvertently or unavoidably en- 
countering instrument weather. Technical Note 3637 
describes the results of a flight investigation to deter- 
mine the effectiveness of an automatic aileron trim 
control device installed in a personal-owner-type air- 
plane. The results indicate that the device is capable 
of maintaining the airplane in equilibrium over its 
operational speed range under directional out-of-trim 
conditions that would cause rapid divergence of the 
basic airplane. The device also prevents excessive 
heading wander and airplane gyration in turbulent air 
without pilot control. A means is provided for holding 
the airplane in a stabilized turn to facilitate mild 
maneuvering through the use of the automatic control. 

Precision of Instrument Flight in Helicopters 

Early studies of helicopter instrument flight indicated 



the need for improved handling qualities, particularly 
for low-speed flight and for precision maneuvers such as 
instrument approaches, sonar dipping, or hoist opera- 
tions. Although a number of stability parameters 
affect the handling characteristics, damping about the 
principal axes appeared to be a worthwhile subject for 
initial study. Technical Note 3537 presents the results 
of a study of the effects of increased damping in roll, 
pitch, and yaw on the instrument flight-handling quali- 
ties of a single-rotor helicopter. Electronic components 
were used to vary the damping of the helicopter, and 
these variations were evaluated by performing precision 
maneuvers while flying on instruments. The studies 
indicated that, for a representative single-rotor heli- 
copter, increased damping can improve the accuracy of 
the maneuvers and reduce the effort required of the 
pilot, particularly at low forward speeds. For the 
speed range considered (25 to 65 knots), increased 
damping in roll was found to be particularly effective, 
much more effective than corresponding changes in 
yaw and pitch. 

AERONAUTICAL METEOROLOGY 

Atmospheric Turbulence 

Previously evaluated effective gust velocities, U„, 
from the data available for both convective and frontal 
types of thunderstorms have been converted to the 
recently defined derived gust velocities, Ua e , which 
take into account the variations with altitude of the 
airplane response to gusts. The results, given in 
Technical Note 3538, indicate that the intensities of 
the derived gust velocities are essentially constant for 
altitudes up to approximately 20,000 feet in thunder- 
storms and that an approximate 10-percent reduction 
in the intensity occurs as altitude is increased to 30,000 
feet. 

The NACA provided the Cambridge Research Center 
of the Air Force with a VGH recorder for measuring 
turbulence in a flight investigation of the jet stream 
and the Sierra Mountain Wave. Evaluation of the 
data showed that the turbulence encountered during 
the flights was generally light. 

A review was made of available information concern- 
ing continuous operation of airplanes through rough air 
at low altitudes and high speeds. From the stand- 
points of crew efficiency and flight precision, it appears 
that reductions in the loads and motions due to turbu- 
lent air to about one-third of those for present opera- 
tional airplanes may be required for low-altitude flight. 
A study of design features indicated that the major 
factors that effect such reductions are increased wing 
loadings and reduced lift-curve slopes. Reductions in 
lift-curve slopes accompany low-aspect-ratio, swept- 
baek, and flexible wings. Changes in stability for air- 
planes with satisfactory stability characteristics were 
not significant when the loads were changed in rough 
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air. For configurations with low damping, which causes 
amplification of the loads in continuous turbulence, the 
use of augmented damping can result in significant 
reductions in loads. 

Characteristics of Icing Cloud 

A statistical survey and a preliminary analysis were 
made of icing data collected from scheduled flights over 
the United States and Canada from November 1951 to 
June 1952 by airline aircraft equipped with NACA 
pressure-type icing-rate meters. Over 600 icing en- 
counters were logged by three airlines operating in the 
United States, one operating in Canada, and one oper- 
ating up the Pacific Coast to Alaska. The data provide 
relative frequencies of icing cloud variables such as 
horizontal extent of icing, vertical thickness of icing 
clouds, air temperature, icing rate, liquid-water content, 
and total ice accumulation. 

Liquid-water contents were higher than those from 
earlier research nights in layer-type clouds but slightly 
lower than previous ones from cumulus clouds. Broken- 
cloud conditions, indicated by intermittent icing, ac- 
counted for nearly one-half of all the icing encounters. 
About 90 percent of the encounters did not exceed a 
distance of 120 miles, and continuous icing did not 
exceed 50 miles for 90 percent of the unbroken condi- 
tions. Icing-cloud thicknesses measured during climbs 
and descents were less than 4,500 feet for 90 percent of 
the vortical cloud traverses. 

ICING PROBLEMS 

Droplet Impingment 

Experimental studies have been made in the NACA 
icing tunnel to determine the effect of a flapped trun- 
cated airfoil on surface velocity distribution and droplet- 
impingement rates and limits. A 6-foot-chord NACA 
65i-212 airfoil was cut successively at the 50- and 30- 
percent-chord stations to produce the truncated airfoil 
sections, which were equipped with trailing-edge flaps 
to alter the flow field. The results indicated that the 
correct use of such airfoils may permit impingement and 
icing studies to be conducted with full-scale leading-edge 
sections in existing small icing tunnels. 

The paths of icing cloud droplets into two engine 
inlets have been calculated (Technical Note 3593) for 
0° angle of attack and for a wide range of meteorological 
and flight conditions. In both types of inlets, the inlet 
air velocity of one being 0.7 that of the other, a prolate 
ellipsoid of revolution (10 percent thick) represents 
either part or all of the forebody at the center of an 
annular inlet to an engine. The configurations can also 
represent the fuselage of an airplane with side ram- 
scoop inlets. Results indicated that the amount of 
water ingested is not sensitive to small changes in shape 
of the outer wall, that impingement on the cowl (i. e., 



amount and distribution) is quite sensitive to the 
physical shape and surface condition of the wall, and 
that the use of screens and boundary-layer-removal 
scoops at the entrance requires careful design because of 
the shadow zone (zero water concentration) and regions 
of high concentration. In addition, a general concept 
showed that lowering the inlet velocity ratio lowers the 
ingestion efficiency. 

The impingement characteristics of several other 
bodies have been obtained from droplet-trajectory cal- 
culations. For an NACA 65A004 airfoil at 0° angle of 
attack, the amount of water in droplet from impinging 
on the airfoil, the area of droplet impingement, and the 
rate of droplet impingement per unit area of the airfoil 
surface were calculated as given in Technical Note 3586. 
The results were compared with those previously re- 
ported for the same airfoil at angles of attack of 4° and 
8°. 

For a sphere in an ideal fluid flow, droplet impinge- 
ment data and equations for determining the collection 
efficiency, the area, and the distribution of impingement 
have been presented in terms of dimensionless para- 
meters (Technical Note 3587). The range of flight and 
atmospheric conditions covered in the calculations was 
extended considerably beyond the range covered by 
previously reported calculations for a sphere. 
A study has also been made of water-droplet impinge- 
ment on a rectangular half body in a two-dimensional 
incompressible flow field (Technical Note 3658). Data 
on collection efficiency and distribution of water-droplet 
impingement were obtained by means of a mechanical 
differential analyzer. 

Icing Protection 

A better understanding of the performance and penal- 
ties of pneumatic de-icers can aid in selecting ice-protec- 
tion systems for aircraft. Accordingly, an evaluation in 
icing conditions was made of two types of pneumatic 
de-icers, one having spanwise inflatable tubes and the 
other having chordwise inflatable tubes (Technical 
Note 3564). Measurements were made to determine 
lift, drag, and pitching-moment changes caused by 
inflation of the de-icer boots and by ice formations on 
the boots. In order to help determine the aerodynamic 
effects of size and location of ridge-type ice formations 
on an airfoil, spanwise spoilers mounted on the airfoil 
at various chordwise locations were also studied. 

A preliminary experimental study was conducted to 
deteirmine the feasibility of preventing rain from 
impinging on aircraft windshields by use of a high- 
velocity jet-air blast. By this means, raindrops are 
broken up into a multitude of small droplets by the jet- 
air blast and deflected around the windshield. The 
deflection appears feasible for flight speeds up to 150 
miles per hour for low-angle (35° or less) windshields. 
However, visibility through the mist generated by 
raindrop breakup is a problem requiring solution. 
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Zimmerman, Charles H.: Some General Considerations Concern- 
ing VTOL Aircraft. Preprint 737, SAE, 1956. 

Zimmerman, Charles H.: Some Stability Problems of Vertically 
Rising Aircraft. Proc of Second Annual Western Forum of 
American Helicopter Society (Los Angeles, Sept. 21-22, 1955), 
Am. Helicopter Soc, Ino. (N. Y.), 1955, pp. 6-32. 



Part II— COMMITTEE ORGANIZATION AND MEMBERSHIP 



The National Advisory Committee for Aeronautics 
was established by Act of Congress approved March 3, 
1915 (U. S. Code, title 50, sec. 151). The Committee 
consists of seventeen members appointed by the Presi- 
dent, and includes two representatives each of the 
Department of the Air Force, the Department of the 
Navy, and the Civil Aeronautics Authority; one repre- 
sentative each of the Smithsonian Institution, the 
United States Weather Bureau, and the National 
Bureau of Standards; and "one Department of Defense 
representative who is acquainted with the needs of 
aeronautical research and development." In addition 
seven members are appointed for five-year terms from 
persons "acquainted with the needs of aeronautical 
science, either civil or military, or skilled in aeronautical 
engineering or its allied sciences." The representatives 
of the Government organizations serve for indefinite 
periods, and all members serve as such without com- 
pensation. 

The following changes in membership have taken 
place during the past year: 

The Committee lost a valuable member by the death 
on January 4, 1956, of Mr. Kalph S. Damon, President 
of Trans World Air lines, Inc., who had been serving 
as Chairman of the important NACA Committee on 
Operating Problems. In its tribute to Mr. Damon's 
memory, the NACA at its meeting on January 19, 1956, 
said: "His intelligence, enthusiasm, sound judgment, 
and high qualities of integrity and sincerity, together 
with his wealth of experience, enabled him to support 
most effectively the responsibilities of the Committee 
and to provide highly competent leadership." 

To succeed Mr. Damon, President Eisenhower on 
April 14, 1956, appointed the well-known World War I 
ace and aviation executive, Captain Edward V. Bicken- 
backer, Chairman of the Board of Eastern Air Lines, 
Inc., to membership on the NACA. 

On January 6, 1956, the President appointed Hon. 
Clifford C. Furnas, Assistant Secretary of Defense 
(Research and Development), a member of NACA. 
Dr. Furnas succeeded Hon. Donald A. Quarles, Secre- 
tary of the Air Force, who had previously served in 
Dr. Furnas' present post in the Department of Defense. 

Vice Aclrniral William V. Davis, USN, Deputy Chief 
of Naval Operations (Air), was appointed a member of 
the NACA on August 2, 1956, succeeding Vice Admiral 
Thomas S. Combs, who had just been detached from the 
same Navy post and assigned to other duty. 

In accordance with the regulations of the Committee 
as approved by the President, the chairman and vice 
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chairman and the chairman and vice chairman of the 
Executive Committee are elected annually. 

Prior to the annual meeting of the NACA on October 
17, 1956, Dr. Jerome C. Hunsaker, who had been chair- 
man since August 1941, indicated his desire to retire 
from the chairmanship of the NACA and of the Execu- 
tive Committee. At the meeting the NACA elected 
Dr. James H. Doolittle chairman of the NACA and of 
the Executive Committee. Dr. Leonard Carmichael 
was re-elected vice chairman of the NACA and Dr. 
Detlev W. Bronk vice chairman of the Executive 
Committee. 

The Committee membership is as follows: 

James H. Doolittle, So. D., Shell Oil Company, Chairman. 
Leonard Carmichael, Ph. D., Secretary, Smithsonian Institution, 
Vice Chairman. 

Joseph P. Adams, LL. B., Vice Chairman, Civil Aeronautics 
Board. 

Allen V. Astin, Ph. D., Director, National Bureau of Standards. 
Preston R. Bassett, M. A., Vice President, Sperry Rand Corpora- 
tion. 

Detlev W. Bronk, Ph. D., President, Rockefeller Institute for 
Medical Research. 

Frederick C. Crawford, Sc. D., Chairman of the Board, Thomp- 
son Products, Inc. 

William V. Davis, Jr., Vice Admiral, United States Navy, 
Deputy Chief of Naval Operations (Air). 

Clifford C. Furnas, Ph. D., Assistant Secretary of Defense 
(Research and Development). 

Jerome C. Hunsaker, So. D., Massachusetts Institute of Tech- 
nology. 

Carl J. Pfingstag, Rear Admiral, United States Navy, Assistant 

Chief for Field Activities, Bureau of Aeronautics. 
Donald L. Putt, Lieutenant General, United States Air Force, 

Deputy Chief of Staff, Development. 
Arthur E. Raymond, Sc. D., Vice President — Engineering, 

Douglas Aircraft Company, Inc. 
Francis W. Reichelderfer, Sc. D., Chief, United States Weather 

Bureau. 

Edward V. Rickenbacker, So. D., Chairman of the Board, Eastern 
Air Lines, Inc. 

Louis S. Rothschild, Under Secretary of Commerce for Trans- 
portation. 

Nathan F. Twining, General, United States Air Force, Chief of 
Staff. 

Assisting the Committee in its coordination of aero- 
nautical research and the formulation of its research 
programs are four main technical committees : Aerody- 
namics, Power Plants for Aircraft, Aircraft Construc- 
tion, and Operating Problems. Each of these commit- 
tees is assisted by four or more subcommittees. Effec- 
tive January 1, 1956, two new subcommittees were 
established under the Committee on Aerodynamics in 
place of the Subcommittee on Stability and Control, 
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namely: Aerodynamic Stability and Control, and Auto- 
matic Stabilization and Control. This action was taken 
because of the increase in the importance of the prob- 
lems of automatic stabilization and control in connec- 
tion with both piloted aircraft and missiles. 

The Committee is advised on matters of policy 
affecting the aircraft industry by an Industry Consult- 
ing Committee. 

The membership of the committees and their sub- 
committees is as follows : 

COMMITTEE ON AERODYNAMICS 

Mr. Preston R. Bassett, Vice President, The Sperry Rand Corp., 
Chairman. 

Dr. Theodore P. Wright, Vice President for Research, Cornell 

University, Vice Chairman. 
Col. Daniel D. MoKee, USAF, Wright Air Development Center. 
Rear Adm. W. A. Sohoeoh, USN, Assistant Chief of the Bureau of 

Aeronautics for Research and Development, Department of 

the Navy. 

Mr. P. A. Louden, Bureau of Aeronautics, Department of the 
Navy. 

Dr. H. H. Kurzweg, Associate Technical Director for Aero- 
ballistic Research, Naval Ordnance Laboratory. 

Maj. Gen August Schomburg, USA, Assistant Chief of Ordnance 
for Research and Development, Department of the Army. 

Mr. D. M. Thompson, Office of the Chief of Transportation, 
Department of the Army. 

Mr. Harold D. Hoekstra, Civil Aeronautics Adrninistration. 

Dr. Hugh L. Dryden (ex offioio). 

Mr. Floyd L. Thompson, NACA Langley Aeronautical Labora- 
tory. 

Mr. Russell G. Robinson, NACA Ames Aeronautical Laboratory. 
Capt. W. S. Diehl, USN (Ret.). 

Mr. L. L. Douglas, Vice President— Engineering, VERTOL 
Aircraft Corp. 

Rear Adm. R. S. Hatcher, USN (Ret.), Professor and Chairman, 
Department of Aeronautical Engineering, New York Univer- 
sity. 

Mr. Clarence L. Johnson, Chief Engineer, Lockheed Aircraft 
Corp. 

Dr. A. Kartveli, Vice President — Engineering, Republio Aviation 
Corp. 

Mr. Sohuyler Kleinhans, Assistant Chief Engineer, Santa 

Monica Division, Douglas Airoraft Co. 
Dr. Albert E. Lombard, Jr., Director of Research, McDonnell 

Aircraft Corp. 

Dr. Clark B. Millikan, Director, Daniel Guggenheim Aero- 
nautical Laboratory, California Institute of Technology. 

Dr. William J. O'Donnell, Assistant Chief Engineer — Develop- 
ment and Experimental, Republio Aviation Corp. 

Mr. Kendall Perkins, Vice President — Engineering, McDonnell 
Airoraft Corp. 

Mr. H. A. Storms, Jr., Chief, Technical Engineering, North 

American Aviation, Inc. 
Mr. Charles Tilgner, Jr., Chief Aeronautical Engineer (Staff), 

Grumman Aircraft Engineering Corp. 
Mr. George S. Trimble, Jr., Vice President — Chief Engineer, 

The Martin Co. 

Mr. Robert J. Woods, Chief Design Engineer, Bell Airoraft Corp. 
Mr. Milton B. Ames, Jr., Seoretary 



Subcommittee on Fluid Mechanics 

Dr. William R. Sears, Cornell University, Chairman. 

Maj. Eugene W. Geniesse, USAF, Air Research and Develop- 
ment Command. 

Mr. E. Haynes, Air Research and Development Command. 

Mr. Phillip Eisenberg, Office of Naval Research, Department of 
the Navy. 

Mr. John D. Nicolaides, Bureau of Ordnance, Department of 
the Navy. 

Dr. Joseph Sternberg, Ballistio Research Laboratories, Aberdeen 

Proving Ground. 
Dr. G. B. Sohubauer, Chief, Fluid Mechanics Section, National 

Bureau of Standards. 
Dr. Adolf Busemann, NACA Langley Aeronautical Laboratory. 
Mr. John Stack, NACA Langley Aeronautical Laboratory. 
Dr.- D. R. Chapman, NACA Ames Aeronautical Laboratory. 
Mr. Robert T. Jones, NACA Ames Aeronautical Laboratory. 
Dr. John C. Evvard, NACA Lewis Flight Propulsion Laboratory. 
Prof. Walker Bleakney, Princeton University. 
Dr. J. V. Charyk, Aeronutronics Systems, Inc. 
Dr. Francis H. Clauser, The Johns Hopkins University. 
Dr. Wallace D. Hayes, Princeton University. 
Dr. Hans W. Liepmann, California Institute of Technology. 
Prof. C. C. Lin, Massachusetts Institute of Technology. 
Prof. Wilbur C. Nelson, Chairman, Aeronautical Engineering 

Department, University of Michigan. 
Prof. E. L. Resler, Jr., Cornell University. 

Mr. Ernest O. Pearson, Jr., Secretary. 

Subcommittee on High-Speed Aerodynamics 

Dr. Clark B. Millikan, Director, Daniel Guggenheim Aeronau- 
tical Laboratory, California Institute of Technology, Chair- 
man. 

Maj. Eugene W. Geniesse, Jr., USAF, Air Research and Develop- 
ment Command. 

Mr. Joseph Flatt, Wright Air Development Center. 

Mr. Oscar Seidman, Bureau of Aeronautics, Department of the 
Navy. 

Dr. H. H. Kurzweg, Assooiate Technical Director for Aero- 
ballistic Research, Naval Ordnance Laboratory. 

Mr. C. L. Poor, 3d, Chief, Exterior Ballistics Laboratory, 
Ballistic Research Laboratories, Aberdeen Proving Ground. 

Mr. John Beebe, Office of the Chief of Transportation, Depart- 
ment of the Army. 

Mr. John Staok, NACA Langley Aeronautical Laboratory. 

Mr. H. Julian Allen, NACA Ames Aeronautical Laboratory. 

Mr. Abe Silverstein, NACA Lewis Flight Propulsion Laboratory. 

Mr. Walter C. Williams, NACA High-Speed Flight Station. 

Mr. John R. Clark, Assistant Chief Engineer, Chance Vought 
Airoraft, Ino. 

Mr. Philip A. Column, Chief Preh'minary Design Engineer, 

Lockheed Aircraft Corp. 
Mr. Alexander H. Flax, Vice President — Technical Operations, 

Cornell Aeronautical Laboratory, Inc. 
Mr. L. P. Greene, Chief Aerodynamicist, North American 

Aviation, Ino. 

Mr. Robert L. Gustafson, Chief of Aerodynamics, Grumman 

Aircraft Engineering Corp. 
Mr. C. J. Koch, The Martin Co. 

Mr. John G. Lee, Director of Research, United Aircraft Corp. 
Mr. David S. Lewis, Jr., McDonnell Airoraft Corp. 
Mr. Harlowe J. Longfelder, Chief — Preliminary Design, Seattle 
Division, Boeing Airplane Co. 
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Prof. John R. Markham, Professor of Aeronautical Engineering, 
Massachusetts Institute of Technology. 
, Mr. K. E. Van Every, Chief, Aerodynamics Section, El Segundo 
Division, Douglas Aircraft Co., Inc. 

Mr. Albert J. Evans, Seoretary 
Subcommittee on Aerodynamic Stability and Control 

Capt. W. S. Diehl, USN (Ret.), Chairman. 
Mr. Melvin Shorr, "Wright Air Development Center. 
Mr. Jerome Teplitz, Bureau of Aeronautics, Department of the 
Navy. 

Mr. L. L. Liccini, Bureau of Ordnance, Department of the Navy. 

Maj. William H. Brabson, Jr., USA, Office of the Chief of Re- 
search and Development, Department of the Army. 

Mr. John A. Carran, Civil Aeronautics Administration. 

Mr. Thomas A. Harris, NACA Langley Aeronautical Laboratory. 

Dr. J. N. Nielsen, NACA Ames Aeronautical Laboratory. 

Mr. Hubert M. Drake, NACA High-Speed Flight Station. 

Mr. M. J. Abzug, Douglas Aircraft Co., Inc. 

Prof. Joseph Bicknell, Massachusetts Institute of Technology. 

Mr. E. A. Bonney, Applied Physics Laboratory, The Johns 
Hopkins University. 

Mr. J. E. Goode, Jr., Convair, Division of General Dynamics 
Corp. 

Mr. George S. Graff, Chief of Aerodynamics, McDonnell Aircraft 
Corp. 

Mr. William T. Hamilton, Chief Aerodynamics Engineer, Boeing 
Airplane Co. 

Mr. Maxwell W. Hunter, Assistant Chief Project Engineer — 

Missiles, Douglas Aircraft Co., Inc. 
Mr. R, B. Katkov, Northrop Airoraft, Inc. 
Mr. Conrad A. Lau, Chance Vought Aircraft, Inc. 
Mr. W. F. MiUiken, Jr., Manager, Flight Research, Cornell 

Aeronautical Laboratory, Inc. 
Mr. Frank J. Mulholland, Assistant Chief Development Engineer, 

Republic Aviation Corp. 

Mr. Jack D. Brewer, Secretary 
Subcommittee on Automatic Stabilization and Control 

Mr. Warren E. Swanson, North American Aviation, Inc. Chair- 
man. 

Mr. George L. Yingling, Wright Air Development Center. 
Mr. William Koven, Bureau of Aeronautics, Department of the 
Navy. 

Mr. Marvin Sohuldenfrei, Bureau of Aeronautics, Department 
of the Navy. 

Mr. J. M. Lee, Bureau of Ordnance, Department of the Navy. 
Mr. Paul R Miles, Signal Corps Engineering Laboratories. 
Mr. Charles W. Mathews, NACA Langley Aeronautical Labo- 
ratory. 

Mr. Harry J. Goett, NACA Ames Aeronautical Laboratory. 

Mr. M. J. Abzug, Douglas Aircraft Co., Inc. 

Mr. Frank A. Gaynor, General Electric Co. 

Dr. William J. Jacobi, The Ramo-Wooldridge Corp. 

Mr. W. F. Milliken, Jr., Manager, Flight Research, Cornell 

Aeronautical Laboratory, Inc. 
Mr. Louis A. Payne, Convair, Division of General Dynamics 

Corp. 

Mr. Thomas L. Phillips, Raytheon Manufacturing Co. 

Mr. Donald J. Povejsil, Westinghouse Electric Corp. 

Dr. Allen E. Puokett, Head, Missile Aerodynamics Department, 

Hughes Aircraft Co. 
Mr. 0. H. Schuck, Minneapolis-Honeywell Regulator Co. 
Dr. Robert C. Seamans, Jr., RCA Aviation Systems Laboratory. 

Mr. Bernard Maggin, Secretary 



Subcommittee on Internal Flow 

Dr. William J. O'Donnell, Assistant Chief Engineer — Develop- 
ment and Experimental, Republio Aviation Corp., Chairman. 

Mr. Frederick T. Rail, Jr., Wright Air Development Center. 

Mr. Robert E. Roy, Wright Air Development Center. 

Mr. R. T. Miller, Bureau of Aeronautics, Department of the 
Navy. 

Dr. Thomas W. Williams, Office of Naval Research, Department 
of the Navy. 

Mr. V. S. Kupelian, U. S. Naval Ordnance Experimental Unit 
at National Bureau of Standards. 

Mr. John V. Becker, NACA Langley Aeronautical Laboratory. 

Mr. Wallace F. Davis, NACA Ames Aeronautical Laboratory. 

Mr. DeMarquis D. Wyatt, NACA Lewis Flight Propulsion 
Laboratory. 

Mr. J. S. Alford, General Electric Co. 

Mr. Bernard F. Beckelman, Boeing Airplane Co. 

Mr. William J. Blatz, McDonnell Aircraft Corp. 

Mr. John A. Drake, Director of Long-Range Planning and 
Research Programs, Marquardt Airoraft Co. 

Mr. Harry Drell, Group Engineer— Power Plant Analysis, Look- 
heed Aircraft Corp. 

Dr. Antonio Ferri, Polytechnic Institute of Brooklyn. 

Mr. Donald J. Jordan, Pratt & Whitney Aircraft, United Air- 
craft Corp. 

Mr. M. A. Sulkin, Chief Thermodynamioist, North American 
Aviation, Inc. 

Mr. William M. Zarkowsky, Chief of Propulsion, Grumman 
Aircraft Engineering Corp. 

Mr. Albert J. Evans, Seoretary 

Subcommittee on Propellers for Aircraft 

Mr. D. H. Jacobson, Aeroproducts Operations, Allison Division, 
General Motors Corp., Chairman. 

Capt. William G. Alexander, USAF, Air Researoh and Develop- 
ment Command. 

Mr. Daniel A. Dickey, Wright Air Development Center. 

Lt. Commander Hugh L. H. Collins, USN, Bureau of Aero- 
nautics, Department of the Navy. 

Mr. John Beebe, Office of the Chief of Transportation, Depart- 
ment of the Army. 

Mr. John C. Morse, Civil Aeronautics Administration. 

Mr. Eugene C. Draley, NACA Langley Aeronautical Laboratory. 

Mr. Donald H. Wood, NACA Ames Aeronautical Laboratory. 

Mr. George W. Brady, Director of Engineering, Propeller Divi- 
sion, Curtiss- Wright Corp. 

Mr. Frank W. Caldwell. 

Mr. R. Richard Heppe, Department Head, Aerodynamics, Lock- 
heed Aircraft Corp. 

Mr. R. S. Kelso, Cornell Aeronautical Laboratory, Ino. 

Mr. Frank W. Kolk, American Airlines, Ino. 

Mr. Thomas B. Rhines, Assistant Chief Engineer, Hamilton 
Standard Division, United Aircraft Corp. 

Mr. Kenneth E. Ward, Convair, Division of General Dynamics 
Corp. 

Mr. Ralph W. May, Secretary 

Subcommittee on Seaplanes 

Rear Adm. R. 8. Hatcher, USN (Ret.), Professor and Chairman, 
Department of Aeronautical Engineering, New York Uni- 
versity, Chairman. 

Mr. Robert F. Robinson, Air Research and Development Com- 
mand. 

Mr. Eugene H. Handler, Bureau of Aeronautics, Department of 
the Navy. 
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Mr. F. W. S. Looke, Jr., Bureau of Aeronautics, Department of 
the Navy. 

Mr. Marshall P. Tulin, Office of Naval Research, Department of 
the Navy. 

Mr. M. St. Denis, David W. Taylor Model Basin. 

Comdr. H. C. Weart, USN, Naval Air Test Center, Patuxent. 

Mr. Joseph Matulaitis, Office of the Chief of Transportation, 

Department of the Army. 
Capt. Reinhold R. Johnson, USCG, Coast Guard Station, 

Brooklyn. 

Mr. Robert Rosenbaum, Civil Aeronautics Administration. 

Mr. John B. Parkinson, NACA Langley Aeronautical Laboratory. 

Mr. H. E. Brooke, Chief of Hydrodynamics, Convair, Division 
of General Dynamics Corp. 

Mr. Robert B. Cotton, Vioe President, All American Engineer- 
ing Co. 

Mr. C. L. Fenn, Chief Engineer, Edo Corp. 

Mr. Wilfred C. Hugh, Jr., Stevens Institute of Technology. 

Mr. Grover Loening. 

Mr. J. D. Pierson, The Martin Co. 

Mr. Ralph W. May, Secretary 

Subcommittee on Helicopters 

Mr. L. L. Douglas, Vice President— Engineering, VERTOL 
Aircraft Corp., Chairman. 

Mr. Bernard Lindenbaum, Wright Air Development Center. 

Mr. Paul A. Simmons, Jr., Wright Air Development Center. 

Capt. James W. Klopp, USN, Bureau of Aeronautics, Depart- 
ment of the Navy. 

Mr. T. L. Wilson, Office of Naval Research, Department of 
the Navy. 

Lt. Col. M. J. Strok, USA, Office of the Chief of Research and 

Development, Department of the Army. 
Mr. J. Wallace MoDonald, Office of the Chief of Transportation, 

Department of the Army. 
Comdr. James W. Williams, USCG, Headquarters, U. S. Coast 

Guard. 

Mr. Herbert H. Slaughter, Jr., Civil Aeronautics Administration. 
Honorable Joseph P. Adams (ex officio), Vice Chairman, Civil 

Aeronautics Board. 
Mr. Richard C. Dingeldein, NACA Langley Aeronautical 

Laboratory. 

Mr. F. B. Gustafson, NACA Langley Aeronautical Laboratory. 
Mr. Charles W. Harper, NACA Ames Aeronautical Laboratory. 
Mr. Friedrich L. V. Doblhoff, Chief Engineer, Helioopter 

Engineering Division, McDonnell Aircraft Corp. 
Mr. Jack E. Gallagher, Chief Engineer and Operations Manager, 

New York Airways, Inc. 
Mr. Bartram Kelley, Chief Helicopter Engineer, Bell Aircraft 

Corp. 

Mr. Ralph B. Lightfoot, Sikorsky Aircraft, United Aircraft Corp. 

Prof. R. H. Miller, Associate Professor of Aeronautical Engineer- 
ing, Massachusetts Institute of Technology. 

Mr. Charles M. Seibel, Chief Engineer, Helicopter Division, 
Cessna Aircraft Co. 

Mr. N. M. Stefano, Chief — Rotary Wing, Fairohild Aircraft 
Division, Fairohild Engine and Airplane Corp. 

Mr. Robert Wagner, Chief Engineer, Hiller Helicopters 

Mr. P. M. LoveU, Jr., Secretary 

COMMITTEE ON POWER PLANTS FOR AIRCRAFT 

Dr. Frederick C. Crawford, Chairman of the Board, Thompson 
Products, Inc., Chairman. 



Dean C. R. Soderburg, Dean of Engineering, Massachusetts 

Institute of Technology, Vice Chairman. 
Col. Donald Heaton, USAF, Directorate of Research and 

Development. 

Col. John J. B. Calderbank, USAF, Wright Air Development 
Center. 

Capt. Thomas B. Haley, USN, Bureau of Aeronautics, Depart- 
ment of the Navy. 

Col. C. L. Register, USA, Ballistic Research Laboratories, 
Aberdeen Proving Ground. 

Lt. CoL Michael J. Strok, USA, Office of Chief of Research and 
Development, Department of the Army. 

Mr. Stephen H. Rolle, Chief, Power Plant Branch, Aircraft 
Engineering Division, Civil Aeronautics Administration. 

Dr. Hugh L. Dry den (ex officio). 

Mr. Abe Silverstein, NACA Lewis Flight Propulsion Laboratory. 

Mr. John G. Borger, Pan American Airways System. 

Mr. Allan Chilton, Chief Engineer, Aircraft Gas Turbine 
Division, Westinghouse Electric Corp. 

Mr. D. Cochran, General Manager, AGT Development Depart- 
ment, General Electric Co. 

Mr. J. T. Cooley, Vice President, California Research Corp. 

Mr. Dimitrius Gerdan, Director of Engineering, Allison Division, 
General Motors Corp. 

Mr. Wilton G. Lundquist, Vice President, Curtiss-Wright 
Corp. 

Mr. Thomas E. Myers, North American Aviation, Inc. 

Mr. Wright A. Parkins, General Manager, Pratt & Whitney 

Aircraft, United Airoraft Corp. 
Mr. Ivar L. Shogran, Douglas Aircraft Co., Inc. 
Mr. Rudolf H. Thielemann, Senior Metallurgist, Stanford 

Research Institute. 

Mr. William H. Woodward, Secretary 
Subcommittee on Aircraft Fuels 

Mr. J. L. Cooley, Vice President, California Research Corp., 
Chairman. 

Maj. Eugene Finke, USAF, Directorate of Research and Develop- 
ment, U. S. Air Force. 

Mr. Maro P. Dunnam, Wright Air Development Center. 

Comdr. B. L. Towle, USN, Bureau of Aeronautics, Department 
of the Navy. 

Mr. Donald D. Weidhuner, Office of Chief of Transportation, 

Department of the Army. 
Mr. N. L. Elein, Office of the Chief of Ordnance, Department 

of the Army. 

"Mr. Ralph S. White, Civil Aeronautics Admimstration. 
Mr. Henry C. Barnett, NACA Lewis Flight Propulsion Lab- 
oratory. 

Dr. D. P. Barnard, Standard Oil Co. of Indiana. 

Mr. A. J. Blaokwood, Esso Research and Engineering Co. 

Mr. C. S. Brandt, Convair, Division of General Dynamics Corp. 

Mr. F. G. Dougherty, Allison Division, General Motors Corp. 

Mr. E. A. Droegemueller, Pratt & Whitney Airoraft, United 

Aircraft Corp. 
Mr. D. N. Harris, SheU Oil Co. 

Dr. J. Bennett Hill, Director, Researoh and Development 

Department, Sun Oil Co. 
Mr. W. M. Holaday, Deputy Assistant Secretary of Defense 

(Research and Development). 
Mr. J. N. Kxebs, General Electrio Co. 

Prof. Carl C. Monrad, Head, Department of Chemical Engi- 
neering, Carnegie Institute of Technology. 
Mr. James S. Reid, Phillips Petroleum Co. 

Mr. Harold F Hipsher, Secretary 
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Subcommittee on Combustion 

Dr. Alfred G. Cattaneo, Shell Development Co., Chairman. 
Mr. Howard P. Barfield, Wright Air Development Center. 
Dr. Lloyd A. Wood, Wright Air Development Center. 
Mr. Nelson F. Rekos, Bureau of Aeronautics, Department of 
the Navy. 

Mr. Alfred G. Lundquist, Office of Naval Research, Department 
of the Navy. 

Dr. Frank E. Marble, Jet Propulsion Laboratory, California 
Institute of Technology (representing Department of the 
Army). 

Mr. F. R. Caldwell, National Bureau of Standards. 

Dr. Walter T. Olson, NACA Lewis Flight Propulsion Laboratory. 

Dr. W. H. Avery, Applied Physics Laboratory, The Johns 
Hopkins University. 

Mr. William J. Bennet, Marquardt Aircraft Co. 

Mr. William V. Hanzalek, Assistant to General Manager, Re- 
search Division, Curtiss- Wright Corp. 

Dr. Bernard Lewis, Combustion and Explosives Research, Inc. 

Dr. John P. Longwell, Esso Research and Engineering Co. 

Dr. S. S. Penner, California Institute of Technology. 

Mr. Paul A. Pitt, Chief Development Engineer, Solar Aircraft 
Co. 

Mr. W. D. Pouohot, Supervising Engineer, Combustion Section, 
Aviation Gas Turbine Division, Westinghouse Eeleotric Corp. 

Prof. Glenn C. Williams, Massachusetts Institute of Technology. 

Dr. Kurt Wohl, Professor of Chemical Engineering, University 
of Delaware. 

Mr. Benson E. Gammon, Secretary. 

Subcommittee on Lubrication and Wear 

Dr. Robert G. Larsen, Research Director, Martinez Refinery, 

Shell Oil Co., Chairman. 
Mr. C. M. Michaels, Wright Air Development Center. 
Mr. Bernard Rubin, Wright Air Development Center. 
Mr. Charles C. Singleterry, Bureau of Aeronautics, Department 

of the Navy. 

Mr. R. E. Streets, Office of the Chief of Ordnance, Department 
of the Army. 

Mr. Joseph Matulaitis, Office of the Chief of Transportation, 
Department of the Army. 

Mr. Edmond E. Bisson, NACA Lewis Flight Propulsion Labora- 
tory. 

Dr. W. E. Campbell. 

Mr. A. B. Crampton, Standard Oil Company of New Jersey. 
Dr. Merrell R. Fenske, Director, Petroleum Refining Laboratory, 

School of Chemistry and Physics, The Pennsylvania State 

University. 

Mr. A. S. Irwin, Assistant Chief Engineer — Aircraft, Marlin- 

Rockwell Corp. 
Dr. E. G. Jackson, General Electric Co. 
Dr. M. Eugene Merchant, (^oinnati Milling Machine Co. 
Mr. V. W. Peterson, Allison Division, General Motors Corp. 
Mr. Earle A. Ryder. 

Prof. L. M. Tichvinsky, Professor of Mechanical Engineering, 
University of California. 

Mr. George P. Townsend, Jr., Chief Engineer, Sundstrand Avia- 
tion — Denver. 

Mr. Frank W. Wellons, Assistant Chief Engineer, SKF Industries, 
Inc. 

Mr. Harold F. Hipsher, Secretary. 
Subcommittee on Compressors and Turbines 

Mr. John M. Wetzler, Allison Division, General Motors Corp., 
Chairman. 

Mr. Ernest C. Simpson, Wright Air Development Center. 



Mr. John C. Schettino, Bureau of Aeronautics, Department of 
the Navy. 

Comdr. L. K. Bliss, USN, Office of Naval Research, Department 
of the Navy. 

Mr. Edward F. Blackburne, Detroit Arsenal. 

Mr. Donald D. Weidhuner, Office of the Chief of Transportation, 
Department of the Army. 

Mr. John R. Erwin, NACA Langley Aeronautical Laboratory. 

Mr. William A. Benser, NACA Lewis Flight Propulsion Labora- 
tory. 

Mr. William G. Cornell, General Electric Co. 

Dr. Robert C. Dean, Jr., Assistant Professor of Mechanioal 

Engineering, Massahcusetts Institute of Technology. 
Mr. Walter Doll, Pratt & Whitney Aircraft, United Airoraft 

Corp. 

Prof. Howard W. Emmons, Harvard University. 

Mr. John E. Sanders, Curtiss- Wright Corp. 

Mr. V. V. Schloesser, Director — Development, Aviation Gas 

Turbine Division, Westinghouse Eleotrio Corp. 
Mr. M. A. Sulkin, Chief Thermodynamicist, North American 

Aviation, Inc. 

Dr. George F. Wislicenus, Director, Garfield Thomas Water 
Tunnel, Ordnance Research Laboratory, The Pennsylvania 
State University. 

Mr. Curtis L. Walker/ Secretary. 

Subcommittee on Engine Performance and Operation 

Mr. Perry W. Pratt, Chief Engineer, Pratt & Whitney Air- 
craft, United Aircraft Corp., Chairman. 

Col. Paul F. Nay, USAF, Air Research and Development Com- 
mand. 

Mr. Ewell C. Phillips, Wright Air Development Center. 
Mr. Riohard J. Maurer, Bureau of Aeronautics, Department of 
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Mr. Edward F. Blackburne, Detroit Arsenal. 
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Boeing Airplane Co. 

Mr. Erold F. Pierce, Assistant Chief Engineer, Technical Serv- 
ices, Wright Aeronautical Division, Curtiss-Wright Corp. 

Mr. Arnold H. Redding, Section Manager, Preliminary Design 
Division, Aviation Gas Turbine Division, Westinghouse 
Electric Corp. 

Mr. Thomas B. Rhines, Assistant Chief Engineer, Hamilton 

Standard Division, United Aircraft Corp. 
Mr. Dale D. Streid, Aircraft Gas Turbine Division, General 

Electric Co. 

Mr. FJwood B. Taylor, Chief Power Plant Engineer, El Sogundo 

Division, Douglas Aircraft Co., Inc. 
Mr. Goerge S. Trimble, Jr., Vice President — Chief Engineer, 

The Martin Co. 

Mr. Don L. Walter, Vice President — Engineering, Marquardt 
Aircraft Co. 

Mr. R. H. Widmer, Assistant Chief Engineer, Convair, Division 

of General Dynamics Corp. 
Mr. Lee R. Woodworth, Propulsion Researoh Corp. 

Mr. Richard S. Cesaro, Seoretary. 
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Subcommittee on Power Plant Controls 

Mr. Rudolph Bodemuller, Bendix Aviation Corp., Chairman. 
Mr. J. G. Barrett, Wright Air Development Center. 
Mr. A. S. Atkinson, Bureau of Aeronautics, Department of the 
Navy. 

Maj. William H. Brabson, Jr., USA, Office of Chief of Research 
and Development, Department of the Army. 

Mr. John C. Sanders, NACA Lewis Flight Propulsion Labora- 
tory. 

Dr. John L. Barnes, University of California. 

Mr. A. B. Chudyk, Assistant Chief Engineer, Design and De- 
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Wright Corp. 
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Corp. 
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Corp. 
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Mr. Curtis L. Walker, Secretary. 

Subcommittee on Power Plant Materials 

Mr. Rudolf H. Thielemann, Senior Metallurgist, Stanford 

Researoh Institute, Chairman. 
Mr. J. B. Johnson, Wright Air Development Center. 
Mr. Nathan E. Promisel, Bureau of Aeronautics, Department of 

the Navy. 

Mr. J. J. Harwood, Office of Naval Research, Department of the 
Navy. 
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Technical Services, Haynes Stellite Co. 
Prof. Nicholas J. Grant, Massachusetts Institute of Technology. 
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Corp. 
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Corp. 
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Subcommittee on Rocket Engines 

Mr. Thomas E. Myers, North American Aviation, Inc., Chair- 
man. 

Lt. Col. Richard T. Hemsley, USAF, Air Research and Develop- 
ment Command. 
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Air Research and Development Command. 
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Mr. Frank I. Tanczos, Bureau of Ordnance, Department of the 
Navy. 
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Dr. C. N. Satterfield, Professor of Chemical Engineering, 

Massachusetts Institute of Technology. 
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Aircraft Co., Inc., Chairman. 
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Prof. F. R. Shanley, University of California. 
Mr. Robert J. Woods, Chief Design Engineer, Bell Aircraft Corp. 

Mr. Franklyn W. Phillips, Secretary. 

Subcommittee on Aircraft Structures 

Mr. George D. Ray, Chief Preliminary Design Engineer, Bell Air- 
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Capt. W. T. McGinness, USAF, Air Research and Development 
Command. 

Mr. William B. Miller, Wright Air Development Center. 
Mr. Ralph L. Creel, Bureau of Aeronautics, Department of the 
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Prof. Paul E. Sandorff, Massachusetts Institute of Technology. 
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Mr. C. H. Stevenson, Douglas Aircraft Co., Inc. 

Mr. Melvin G. Rosche, Secretary. 
Subcommittee on Aircraft Loads 
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Lt. Col. L. S. Jableoki, USAF, Air Research and Development 

Command. 
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Mr. Harry Tobey, Chief of Structures, Vertol Aircraft Corp. 
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Mr. Harry A. Campbell, Bell Airoraft Corp. 
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Cornell University. 
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COMMITTEE ON OPERATING PROBLEMS 

Capt. Edward V. Rickenbaoker, Chairman of the Board, Eastern 

Air Lines, Inc., Chairman. 
Mr. William Littlewood, Vice President — Equipment Researoh, 

American Airlines, Inc., Vice Chairman. 
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Col. Joseph Davis, Jr., USAF, Wright Air Development Center. 
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Prof. H. G. Houghton, Massachusetts Institute of Technology. 
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Inc. 
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Mr. R, T. Miller, Bureau of Aeronautics, Department of the 
Navy. 

Mr. Harcourt C. Sontag, Bureau of Aeronautics, Department of 
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Mr. Victor Hudson, Senior Thermodynamics Engineer, Convair, 

Division of General Dynamics Corp. 
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Airlines, Inc. 
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Lines, Inc., Chairman. 
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Command. 
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Air Force. 
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Mr. Melvin N. Gough, NAGA Langley Aeronautical Laboratory. 
Mr. I. Irving Pinkel, NACA Lewis Flight Propulsion Laboratory. 
Mr. Carl M. Christenson, United Air Lines, Inc. 
Mr. Allen W. Dallas, Director, Engineering Division, Air 
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Mr. Scott Flower, Pan American World Airways, Inc. 
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Research of Cornell University. 
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Design Unit, -Boeing Airplane Co.- 
Mr. Jerome Lederer 3 Director, Flight Safety Foundation. 
Dr. Ross A. McFarland, Harvard School of Public Health. 
Mr. William I._ Sticglitz, Design Safety Engineer, Republic 

Aviation Corp. 

Mr. H. H. Young, Flight Safety Engineer, Douglas Aircraft Co.. 
Inc. 

, -, , Mr. Boyd C. Myers, II, Secretary. ' . 

Subcommittee on Aircraft Noise 

Mr. William Littlewood, Vice President — Equipment Research, 
American Airlines, Inc., Chairman. 

Dr. H. O. Parrack, Wright Air Development Center. 

Capt. R, L. Christy, (MC) USN, Bureau of Aeronautics, De- 
partment of the Navy. 
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Department of the Navy. 

Mr. Joseph Matulaitis, Office of the Chief of Transportation,. 
Department of the Army. . 
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Standards. 
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- tory. - 
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Mr. Allen W. Dallas, Director, Engineering Division, Air Trans- 
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INDUSTRY CONSULTING COMMITTEE 

Mr, William Littlewood, Vice President — Equipment Researoh, 

American Airlines, Inc., Chairman. 
Mr. L. R. Grumman, Chairman of the Board, Grumman Airoraft 

Engineering Corp., Vice Chairman. 
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Mr. J. H. Carmichael, President, Capital Airlines, Inc. 
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Part III— FINANCIAL REPORT 



Funds appropriated for the Committee for the fiscal years 1956 and 1957 and obligations against the fiscal year 1956 
appropriations are as follows: 





Fiscal year 3 938 


Fiscal year 1957 


Allotments 


Obligations 


Allotments 


SALARIES AND EXPENSES APPHOPBIATION 

NAOA Headquarters 


$1, 557, 745 
22, 141, 400 

Irt GOO OKft 

jlu, yzy, zou 
20, 237, 805 
1, 929, 696 
928, 500 
23, 935 
15, 604 
750, 300 
198, 000 
1, 422, 766 


$1, 541, 237 
22, 051, 384 
10, 850, 663 
20, 200, 066 
1, 913, 134 
908, 622 
19, 979 
15, 439 
750, 291 
198, 000 
1, 500, 000 
186, 185 


$1, 624, 050 
23, 778, 100 
12, 978, 600 
21, 591, 244 
2, 090, 950 
1, 095, 335 
32, 105 
16, 116 

200, 000- 


Langley Aeronautical Laboratory 


Ames Aeronautical Laboratory 


Lewis Flight Propulsion Laboratory 

High-Speed Flight Station 


Pflotless Airoraft Station 


Western Coordination Office 


Wright-Patterson Liaison Office 


Research contracts with educational institutions _ 


Research contracts with Government agencies 


Savings reserved for reappropriation 






Total 






» 60, 135, 000 


60, 135, 000 


1 64, 176, 500- 


OONSTBUCTION AND EQUIPMENT APPHOPBIATION 

Langley Aeronautical Laboratory 


3, 325, 000 
1, 055, 000 
8, 395, 000 
90, 000 
-300, 000 


31, 741 
418, 898 
1, 796, 349 
1, 595 
-32, 013 
! 10, 348, 430 


7, 826, 000- 
906, 000 
5, 712, 000- 


Ames Aeronautical Laboratory 


Lewis Flight Propulsion Laboratory 

Pilotless Aircraft Station 


Reserve transferred from prior years 


—444, 000- 


Total 






1 12, 565, 000 


12, 565, 000 


>i4, 000,00a 





'Appropriated in the Independent Offices Appropriation Act, 1968, approved June 27, 1958, and the First Supplemental Appropriation Act, 1957. approved Jnlv V 
mo 30, 1056. , 1956. Includes 11,600,000 reappropriation of fiscal year I960 funds! ' 

•Appropriated In the Independent Offices Appropriation Act, 1957, approved » This balance remains available until expended. 



